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ANNUAL REPORT OF THE 
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STATION — 1938
INTRODUCTION  
F. J. Sievers, Director
Experim ent sta tions, as public service agencies, are organized to  contribute 
to  th e  prom otion of the  general welfare of th e  nation. In th e  past, th ey  have 
confined them selves very largely, if not entirely, to  th e  research necessary to  
solve th e  problem s of th e  farm er. As a result of their efforts it can be shown, 
qu ite  convincingly, th a t  there  have been pronounced advances in th e  efficiency 
of agricultural production. T his contribution  m ight have proved more adequate 
if there  had been provision for the  assim ilation of th e  p roducts of efficiency. 
Unem ploym ent is a n a tu ra l product of efficiency and unless it is so recognized 
and dealt w ith it readily  reaches a  stage where it prom inently  affects public 
welfare. Industry , irrespective of its .concern with problem s of public welfare, 
is not prim arily  organized to  m ake the  solution of these problem s its m ajor 
objective. On th e  o ther hand, under our national dem ocratic policy, we are 
unfam iliar w ith and resent governm ent interference with business and, as a 
result, it has been a fond hope th a t th e  profit system  of industry  would, if given 
free rein, solve unem ploym ent, our m ajor social and economic problem . To the 
ex ten t th a t  a solution has not been forthcom ing there  has been an appeal to  public 
service agencies. This a ttitu d e , while not entirely  new, has become more evident 
during  th e  last several years th an  through any  o ther sim ilar period in our history.
F o rtunate ly , in the  field of agriculture, the  experim ent sta tions through their 
research program s have, in the  course of the  last fifty years, fortified themselves 
with m uch factual m aterial regarding the  progress and fu ture  of th is industry. 
T o give intelligent leadership to  agriculture, an  industry  so in tricately  involved 
in our en tire  social and economic scheme, is, nevertheless, an  assignm ent th a t 
should not be accepted w ithout assurance of com parative freedom from bias or 
prejudice. In a  nation  where industry  has been practically  w ithout restrain t 
in its operations and where extrem e com petitive activ ities have had free rein 
during  all tim e, it requires considerable fa ith  and courage to  prom ote a program 
th a t has public welfare and  not profit as th e  first objective. The experiment 
sta tio n s will establish leadership in th is service to  ju st th e  extent th a t  their 
direction is sound and th e ir research is applicable and dependable. Develop­
m ents will na tu ra lly  be slow and  no spectacular changes in program  or in the 
na tu re  of results should be an tic ipa ted  or encouraged.
T he m ajor problem s confronting present-day society, while not difficult to 
locate, a re  so involved in n a tu re  th a t  th e ir solution seems an alm ost insurm ount­
able ta sk  w ithout resort to  such regulatory  m easures as are considered generally 
undesirable. As an illustration , there  is produced w ithin th e  New England states 
sufficient m ilk to  confront th e  dairy  farm er w ith difficulty in finding a profitable 
ou tle t, while ano ther portion of th e  population, within th e  same area, is econ­
omically unable to  obtain  a  sufficient supply of th is com m odity to  insure the 
requirem ents of good health . I t  is questionable, however, whether th is m atter 
can be properly ad ju s ted  w ithout dealing with m ilk as a public u tility . The 
m arket gardener suffers because of low prices for his produce, while the  urban
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consum er cannot afford to  buy fresh vegetables a t th e  price dem anded. E v en ­
tually  we m ay become convinced of some of th e  extravagances of a system  th a t  is 
directed solely by th e  profit m otive, and then  agencies which are  prim arily  con­
cerned w ith general public welfare will gradually  assum e a g reater degree of 
leadership in providing a solution for these fundam ental problem s.
D uring the  last year th e  Lang F und  was increased by an add itional $2,000 
by M rs. H enry  Lang, the  original donor, th u s  bringing th e  to ta l support from 
th is source to  $12,000. T he research m ade possible by th is fund has served to 
advance our knowledge in hum an n u trition  a t a tim e when there  is a d istinct 
need for reliable inform ation in a field where there  is so m uch confused th inking 
because of th e  high-powered advertising  behind num erous nostrum s recom m ended 
as curatives for n u tritional disorders or deficiencies.
Increases in financial support from B ankhead-Jones (Federal) sources have 
been available for th e  last four years bu t these will term in ate  with Ju n e  30, 1940, 
a fte r which th e  M assachusetts Experim ent S ta tion  will receive a to ta l ap p o rtio n ­
ment of approxim ately  $20,000 annually  from th is source. It is hoped th a t  th is 
federal support will, in p a rt, serve to  prom ote certain  new and m uch desired 
services for which adequate  s ta te  funds have not been available. Such organized 
groups as the  poultrym en, the  greenkeepers, and th e  a rborists , all of whom are 
convinced of the  w orthiness of their case, a re  very insistent in their dem ands for 
research.
The poultry  industry  is in real need for au th en tic  inform ation regarding the  
m erits of the  num erous and specific claims of m anufacturers of poultry  feeds. 
This phase of th e  subject has reached such prom inence th a t recent findings have 
forced m odifications in th e  regulatory  laws in some sta tes  and it is highly des­
irable th a t  M assachusetts should keep abreast in th is  field and be ready to  m ake 
her p roportiona te  con tribu tion  to  th e  general dem and for a sounder basis for 
the  evaluation of livestock feeds.
The greenkeepers suffered tem porary  d isappoin tm ent in failing to  gain fav ­
orable legislative action on a request for funds ad equate  to  support research in 
tu rf m anagem ent. The need for th is service was felt so keenly, however, th a t 
their Association m ade available a small sum of money to  in itiate  research while 
an tic ipa ted  legislative action is pending.
The dem ands of th e  arbo ris ts  have been satisfied to  a  considerable degree 
through th e  enlarged facilities for nursery cu ltu re  studies and it is hoped th a t  the  
problem s of th e  arbo ris ts  and nurserym en m ay be correlated sufficiently to  be 
dealt wfith under th e  same research procedure.
The com pleted N utrition  L aboratory  is serving as a real clearing house for the 
type  of departm en ta l cooperation th a t any  sound program  in th is specialized 
field requires. T he physical p lan t and its equipm ent provide th e  flexibility 
necessary to  encourage several d ep artm en ts to  utilize these facilities to  their full 
capacity .
A t th e  C ranberry  S tation , th rough  special funds provided by th e  Cape Cod 
C ranberry  G row ers’ Association, it has been possible to  continue work in weed 
control and  also to  inaugurate  investigations in fru it storage. T he increased 
in terest not only in blueberries and straw berries b u t more recently  in beach plums 
is exerting trem endous pressure for expansion in our activ ities which will need 
to  be m et e ither th rough  additional financial support or through lesser em phasis 
on research now under way in o ther fields.
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DEPARTMENT OF AGRICULTURAL ECONOMICS 
AND FARM MANAGEMENT
A. II. Lindsey in Charge
Adjustments in Dairy Farm Organization and Practices in M assachusetts.
(C. R. Creek and  M alcolm B utler.) T his s tu d y  was in itiated  in 1937 in coopera­
tion  with th e  B ureau of A gricultural Econom ics of the  U nited S ta tes D epartm ent 
of A griculture. Survey records were taken  of th e  farm  business on 253 dairy 
farm s in 11 counties of M assachusetts for th e  period M ay 1936 to  April 1937. 
T he wholesale dairy  farm s were analyzed in five groups: Berkshire C ounty, 
C onnecticut Valley counties, W orcester C ounty, N ortheastern  counties and
Southeastern  counties.
Size of business was an  im portan t incom e-producing factor in all areas except 
Berkshire where size of business was sm aller on th e  more profitable farm s. Here 
feeding efficiency m ade up for th e  d isparity  in herd size. High m ilk production 
per cow was im p o rtan t in all a reas except W orcester; in th is central area, feeding 
and labor efficiency balanced th e  lower production per cow. Diversification was 
necessary to  higher incomes in all areas except th e  C onnecticut Valley. Those 
farm s receiving higher m ilk prices th an  their neighbors also received higher 
incomes in Berkshire and th e  N ortheastern  counties. These N ortheastern  dairy­
men also had to  husband th e ir cap ital more closely th an  those in o ther sections 
to  gain larger income.
Records were obtained for 54 dairy  farm s where m ilk was sold on re ta il routes. 
In  general these farm s were m uch larger in size of herd and num ber of men work­
ing th an  th e  wholesale farm s. T hey were more specialized in the  dairy  enterprise 
and  received a m uch higher price for m ilk sold. M ilk production per cow was 
also higher.
Labor income on all of these retail farm s averaged $3241 w ith a herd of 24 
cows com pared to  $246 for all wholesale farm s w ith 19 cows each.
Farm  business analysis factors and a financial sum m ary of the  farm business 
have been prepared by areas for d istribu tion  to  th e  farm ers who cooperated in 
th is s tu d y  by giving records of their farm  business. T he various factors and items 
for th e  individual farm  have been entered  on th e  sum m ary so th a t  each dairym an 
m ay com pare his farm  to  th e  high and  low profit groups to  determ ine the  factors 
which should be im proved. T his s tu d y  is being prepared  for publication.
Case studies were m ade of the  farm  organization and practices on three  farms
located in M iddlesex and  W orcester counties in th e  N ashoba fruit area.
F arm  A was prim arily  a  wholesale dairy  farm  which had a ten-acre orchard 
as a m inor enterprise. I t  was classed as a farm  with an abundance of hayland. 
R ecom m endations for th is farm  were to  increase th e  m ilking herd by four cows 
and  raise more replacem ents as one m eans of utilizing an excess of hay produced. 
A budget calculated for th is change showed an increase in net cash income of 
$342. T he orchard  enterprise was supplem entary  to  dairy on th is farm  and will 
be m ain tained  a t  its present size by  replacing old trees. A net income of $280 
was received from cordwood and  th e  operator received a gross income of $500 
from outside work with a tru ck  in 1937.
Farm  B was a dairy , pou ltry , and  fruit farm  located in the  same district as 
F arm  A. T his farm  was classified as one with scarcity  of hayland and a ru n ­
down orchard . Low labor income was caused by (1) low productiv ity  of the 
o rchard , (2) high cost of grain and  hay for cattle , and (3) inefficient utilization 
of labor. Definite and  extensive recom m endations were m ade for improvem ent 
of th e  o rchard  enterprise on th is farm  because it is a potential source of consic - 
erable income. A m ethod was outlined whereby hay and grain costs eouk e
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reduced, providing a g reater net re tu rn  from the dairy  enterprise. T he poultry  
business is supp lem en tary  and will be m aintained a t  the  present size.
Farm  C was called a well-managed farm having large dairy  and  fru it e n te r­
prises which were of equal im portance in the  farm  organization. T his farm  was 
the  largest of the  three  in acreage and  in to ta l size of th e  farm  business. T he 
dairy  enterprise was a purebred  G uernsey ca ttle  business, and  in 1937 income 
from cows and  calves sold am ounted  to $1095. T he fru it and dairy  enterprises 
are well organized and operated  a t  optim um  capacity . No changes are  con­
tem plated  in e ither enterprise. Farm  C was an  excellent exam ple of a dairy -fru it 
farm which was well m anaged and  showed a high labor income.
Enterprise Relationships and Farm Organization on Selected  Farms in M assa­
chusetts. (C. R. C reek and J. E. Donley.) D uring the  sum m er of 1938 farm  
records were taken  from farm  account books and  cash records on 114 poultry  
farm s in th e  seven eastern  counties of M assachusetts. On th e  basis of percentage 
of receipts these farm s were classified in to  groups of 71 wholesale, 34 re ta il, and  
9 breeding (baby chicks and  hatching eggs) farm s for detailed analysis.
The breeding farm s showed th e  highest labor income, th e  largest size of flock, 
and th e  highest egg production per bird. Sales of baby chicks and hatch ing  
eggs con tribu ted  m ateria lly  to  income.
Retail farm s received th e  highest average price per dozen for eggs, bu t showed 
the  lowest labor income per farm  and per bird. F actors which con tribu ted  to  low- 
incomes on re ta il farm s were (1) small flocks of laying birds, (2) low egg p roduc­
tion per bird, (3) inefficiency in the  use of labor, and (4) high cap ital investm ent 
per bird housed. Because of lack of diversification, retail farm s were more 
adversely affected th an  th e  tw o o ther types by  th e  unfavorable feed price — egg 
price ra tio  (7.3 dozens w'ere required to  purchase 100 pounds of feed) in 1937. 
The tim e spent in delivering eggs on re ta il routes was not available for supervision 
and m anagem ent of th e  farm . T his factor ap p aren tly  was responsible for th e  
sm aller average num ber of layers an d  for low'er egg production.
T he w'holesale farm s were larger th an  th e  re ta il, had higher egg production 
per bird, and  were operated  more efficiently. M ore broilers and  baby chicks were 
sold th an  on retail farm s. Some of th e  w'holesale farm s had crop and  fru it e n te r­
prises which co n tribu ted  to  th e  farm  income. Such enterprises a re  especially 
im portan t when the  egg— feed price ra tio  is unfavorable.
In th e  wholesale classification, th e  12 highest income farm s were larger in size 
of flock and  num ber of men working th an  th e  12 lowest income farm s. Labor 
was used more efficiently as shown by 300 more b irds per m an, higher cash re ­
ceipts per m an, and  lower labor cost per bird. Investm en t per bird  w'as $4.83 
less on th e  high profit farm s. Egg production w'as 185 eggs per b ird , w'hich was 
38 eggs more th an  on th e  low' profit farm s. On th e  m ost profitable farm s labor 
income per bird was $1.83, while th e  lowest profit group showed a labor loss of 
S I.03 per bird.
In the  re ta il classification, th e  low'est income farm s were larger in size of business 
than  th e  highest income group. However, egg production was lower, labor was 
used less efficiently, and th e  investm ent in th e  farm  was not used to  capacity . 
The average price per dozen received for eggs W'as 3.5 cents higher on th e  m ost 
profitable retail farm s. T he various factors of efficiency, production , and  price 
offset a sm aller size of laying flock to  bring  th e  labor income per bird  to  $2.72 
on the  high farm s. T he low incom e farm s showed a  loss of $0.83 per bird in labor 
income.
In th e  breeding farm  group th e  th ree  high farm s were m uch larger th an  th e  
lowest farm s, had a higher egg production per bird, and  were more efficient in 
utilizing labor and  investm ent. Labor cost per b ird w'as $1.03 g reater on the  
th ree  lowest profit farm s.
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Individual copies of th e  report have been prepared for each poultrym an who 
cooperated in th e  project by  giving a farm  record. D a ta  for these  individual 
farm s were entered  in th e  report in order to  m ake com parisons by  types of farm s 
and  w ith th e  high and  low profit groups in each type. A sum m ary of th e  report 
has been prepared and m im eographed for use in poultry  extension meetings.
M ilk as a Public Utility. (A. A. Brown and W illiam K ling.) A superficial and 
historical s tu d y  of m ilk as a  public u tility  was reported  in th e  annual report for 
1935. T he work of 1937-38 confined itself to  th e  legal aspects of m ilk as a  public 
u tility  and  to  a  study  of duplication of d istribu tion  in two areas.
T he establishm ent of s ta te  m ilk control boards is a tac it recognition of the 
m ilk industry  as a public u tility . W innepeg, C anada, in 1932 definitely rec­
ognized m ilk as a public u tility . W hen th e  scope of regulation in W innepeg is 
com pared with th a t  in M assachusetts, no differences are discovered except th a t 
no declaration  designating m ilk as a public u tility  is found in th e  act establishing 
th e  M assachusetts M ilk C ontrol Board.
S tudies of duplication of d istribu tion  were m ade in tw o areas. At one apartm ent 
house, 7 dealers brought m ilk each m orning to  7 families; in o ther sam ple blocks, 
15 dealers delivered to  27 families; 8 dealers to  14 families; and 6 dealers to  12 
families. In a non-tenem ent area, a to ta l of 23,500 feet was trave led  by 13 d istrib­
u to rs on a street 2300 feet long. On an o th er street 3600 feet long, 12 d istribu tors 
served 27 families. In th is  sam e tow n w ith 90 miles of s treets and highways, 
m ilk d is tribu to rs trave led  over 300 miles daily. The average mile was covered
3.5 tim es, which is low when com pared to  a duplication of 13 tim es found in a 
M ilwaukee, W isconsin, study . Deliveries of individual d istribu tors ran from 
3 to  12 q u arts  per mile traveled .
W aste in d istribu tion  is often as m uch th e  consum er’s fau lt as th e  d istribu tor's. 
Consum er objections to  a  change in th e  present m ethod of d istribu tion  are  many. 
In th e  study , 49.5 percent of the  people w anted m ilk delivered betw een 6 and 8 
a. m .; only 40 percent were indifferent as to  tim e of delivery. T o  conform to 
th is  consum er dem and would increase th e  cost factor m aterially . In the  selection 
of th e ir m ilk d istribu to r, 36 percent of th e  people were indifferent; 31 percent 
liked th e  shape of th e  bo ttle , or th e  quality  of the  milk, or had personal reasons 
for selecting a particu lar dealer; and 33 percent chose their m ilkm an on the  basis 
of business reciprocity, friendship, or relationship.
Suggested solutions;
I. Possible solutions not involving governm ental intervention
A. V oluntary  dealer agreem ent — diversion of routes 
Producers pool 
Consum ers pool 
Jo in t— producer-consum er
(If cooperation adds to  existing duplication, nothing is gained.)
II. G overnm ent in tervention
A. Zoning or allocation of te rrito ry
B. Allocation of routes through licensing
C. M unicipal p lan ts; in com bination w ith A or B
Competitive Factors Influencing the Supply of M arket Milk and Cream in 
M assachusetts. (A. A. Brown and  J. E. Donley.) A study  of dealers buying 
prices, m ore properly term ed  product-cost since such designation removes th e  
possibility of confusion w ith th e  class prices applicable to all dealers, is nearing 
com pletion.
T he principal reasons for th e  varia tion  in dealers m onthly or annual product
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co st were; (1) differences in th e  proportion  of Class II m ilk h an d led ,1 and  (2) ty p e  
of m anagem ent.
T he influence of th e  Class II factor varied w ith th e  Class I —  Class II price 
ra tio . In Ja n u a ry  when th e  ra tio  was 1.73, a  va ria tio n  of one un it in th e  per­
centage of Class II handled caused an  inverse change of 1.1 cents in th e  p roduct- 
cost. In Ju n e  1935 w ith a Class I — Class I I  price ra tio  of 3.14, a  v aria tion  of 
one unit in th e  percentage of Class II m ilk caused an  inverse change of 2.4 cents 
in th e  product-cost.
T he possible im portance of th e  Class I — Class I I  price ra tio  is well illu stra ted  
by a  com parison of th e  63 cen ts spread in dealers ' product-costs in J une w ith 
th e  24.7 cents spread for Jan u a ry . Of th e  38.3 cents widening in th e  spread, 
5.3 cents can be accounted  for by  an  increase of 4.9 un its  in th e  varia tion  am ong 
dealers in th e  percentage of th e ir handlings of m ilk in Class II and  33 cents by 
th e  change in th e  Class I — Class II price ratio .
T he cooperative associations d istrib u tin g  in th e  m arket area had th e  lowest 
product-costs. Two factors seem to  account for this.
T ype of m anagem ent influenced product-costs because cooperative associa­
tions m ay p ro rate  costs or losses am ong th e  p roducer-ow ner m em bers. T he 
plants operated  by  th e  associations were bu ilt to  handle a larger volum e of fluid 
milk th an  was being pu t th rough  them . T he difference betw een designed cap ­
acity  and  used capacity  was sufficiently g reat to  be reflected in high un it op ­
e ra tin g  costs th a t  were charged off th rough  a lower product-cost.
C ooperative associations also carried a  higher proportion  of Class I I  m ilk 
each m onth  th an  did indiv idually  owned plants. A cooperative association 
canno t drop its producers to  a d ju s t its supply  to  m arket dem ands, as p roprie tary  
dealers m ay do. Q uite often th e  cooperative association, in business for m utua l 
benefit, tak es on th e  producer dropped by th e  individual dealer. T he principles 
of th e  cooperative association place it a t  a decided d isadvantage as far as m ilk 
p roduct-costs a re  concerned.
Some Economic Aspects of iMarketing Fluid M ilk in W orcester, M assachu­
setts. (J. E . Donley an d  C. W . Sm ith.) W orcester, th e  th ird  largest c ity  in 
New E ngland, is unique in th a t its m ilk shed is alm ost a com plete un it, su r­
rounding th e  city . Also, it is one m arket in which th e  M ilk C ontrol Board has 
not established re ta il prices, p robably  because th ere  is no serious surplus problem .
Only ab o u t 8 percent of th e  m ilk consum ed in 1935 cam e from  ou t of s ta te , 
a lthough  m ost of th e  cream  was produced in o th er s ta tes. P roduction , unlike 
th a t  for m ost o th er m arkets, was on a ra th e r even level, vary ing  from  92 percent 
in Jan u a ry  to  111 percent in June, using th e  an n u al average production  as 100. 
A lthough dealers who bought on th e  flat price plan purchased only th e  m ilk they  
required, th ey  co n stitu ted  only 13 percent of th e  m arket. T he dealers who paid 
for their m ilk by  th e  use and ra ting  plans had their farm ers regulating  produc­
tion sufficiently to  p reven t an  undue surplus on th e  m arket a t  any  tim e.
The N o vem ber-June  ra tio  usually  em ployed as a  m easure of seasonal varia tion  
of production is definitely not such in th is  m ark e t; for, a lthough  th e  m ajo rity  of 
producers shipped m ore milk in June  th an  in N ovem ber, th e  num ber shipping 
more in th e  fall was also large. T his difference is som ew hat explained b y  th e  
feeding m ethods used in M assachusetts as con trasted  w ith those in V erm ont 
an d  New Y ork.
A nother reason for th e  lack  of a serious problem  in disposing of surplus m ilk 
was th e  existence of tw o cream  dealers in th e  city , who were in effect clearing 
houses for m ost of th e  surplus of th e  regular dealers.
1 C lass I m ilk— M ilk  purchases w hich dealers dispose of in  fluid form .
C lass I I  m ilk— M ilk  purchases n o t needed fo r th e  fluid m ark e t an d  disposed of as  a  m ilk p ro d u c t; 
in  M assachuse tts  th is  genera lly  m eans sw eet cream . (C om m only called surp lus.)
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Tobacco Projects. (W alter S. Eisenm enger and Karol J. K ucinski.)
Spacing Experiment. The experim ent to  determ ine the  com parative effects 
of different spacing of p lan ts upon th e  yields and quality  of tobacco produced 
by a large growing stra in  (211) and by a smaller growing strain  of H avana seed 
tobacco was continued. P lan ting  distances between rows of 36, 39, and 42 
inches were used in com bination w ith 12, 15, 18, 21, 24, and 27 inches between 
p lan ts. T rials for th e  past th ree  years show th a t th e  larger growing strain  (211) 
yielded considerably more per acre th an  th e  common H avana seed tobacco and 
th e  crop index has been consistently  be tte r.
Because of th e  abnorm al rainfall th is year, tobacco yields in general have 
been m uch less th an  in th e  previous years. Because th e  tobacco has been smaller 
th an  usual, 1 5 "  x 3 6 "  seemed th e  m ost favorable spacing for yield and crop 
index for th e  larger growing tobacco (211). T he lowest yields for th is tobacco 
occurred when th e  spacing was 2 7 "  x 3 9 " ,  and th e  lowest crop index with the  
24 ' x 3 6 "  com bination. For th e  common H avana seed tobacco, th e  highest 
yield for 1938 occurred when the  spacing was 1 2 "  x 4 2 "  and the  highest crop 
index when th e  spacing wras 2 1 "  x 3 9 " .  T he lowest yields for th e  same tobacco 
were obtained when th e  spacing was 2 7 "  x 3 9 "  and th e  lowest crop index occurred 
w ith th e  2 l "  x 3 6 "  spacing. Since th e  past growing season was not typical, 
in general it can only be said th a t  th e  larger stra in  of tobacco (211) should be 
p lan ted  a  slightly  g reater d istance a p art th an  common H avana  seed tobacco.
Tobacco Grown on Old Sod. A ttem p ts were m ade to  overcome th e  bad effects 
from  so-called brown root-ro t usually witnessed when old hay sod is plowed 
under preceding a crop of tobacco.
A crop of tobacco was grown on an old timothy sod area W'hich had been pre­
viously treated as explained in the following table.
Treatment
Plot No. 1, sod plowed in m id-sum m er 
of 1937 and 200 lbs. of nitrogen added
in 1937..........................................................
P lo t No. 2, sod plowed in m id-sum m er
of 1937 ..........................................................
P lo t No. 3, 200 lbs. of nitrogen added to  
sod in 1937 and  plowed in spring of
1938...............................................................
P lo t No. 4, sod plowed in spring of 1938
Yield and Quality of Tobacco
Pounds Grade Crop
per Acre Index Index
1678 .3556 596.7
1552 .3696 573.6
1392 .2986 415.7
1520 .3291 500.2
I t  was found th a t th e  plowing of old tim o th y  sod in the  sum m er previous to 
th e  one in which th e  tobacco was p lan ted  was advantageous from the  standpoint 
of yields and crop indexes. T he yield and crop index were best where the sod 
was plowed in m idsum m er of 1937 and 200 pounds of nitrogen added to  aid the 
decom position of th e  sod m aterial. The added growth of hay produced by the 
add ition  of 200 pounds of nitrogen on Plot No. 3 in the  sum m er of 1937 may 
account for th e  low yield, grade index and  crop index of the  tobacco grown on 
th a t  plot.
Brown Root-Rot of Tobacco. It has been observed th a t tobacco, perhaps
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more th an  any o ther economic p lant in th is area, is extrem ely sensitive to  the  
influence of th e  preceding crop. P lants w ith a high lignin con ten t, when grown 
in ro ta tio n  w ith tobacco, have a tendency to cause conditions favorable to  brown 
root-ro t. I t  is not to  be inferred, however, th a t the  trouble  m ay never arise when 
tobacco has been grown continuously on a field, or th a t tobacco m ay never grow 
norm ally when th e  preceding crop has been one likely to  cause th e  trouble . 1 hese 
exceptions arise a t  in tervals, depending upon the  conditions of th e  growing season. 
The influence of th e  preceding crop on the  crop yields and q u ality  of tobacco th is 
year is illu stra ted  by the  following da ta .
Percentage A verage yield an d  q u a lity  of Tobacco
Preceding C rop of Lignin
in Tops P ounds G rade* Crop*
per Acre Index Index
Peppers............................. ...........  4 .23 1665 .3938 652.3
Horse w eed ....................... ...........  ...... 1635 4060 664.3
Seaweed............................ ...........  9 .55 1579 .4007 634.2
R agw eed........................... ...........  2 .06 1542 .3991 621.2
G ladiolus.......................... ...........  14.41 1538 .3872 601 .0
S quash ............................... ...........  ....... 1530 .3606 578.0
A rtichoke ......................... ...........  3 .97 1494 .3731 561 .9
C a rro ts .............................. ...........  ...... 1443 .3330 49 5 .8
R ed to p .............................. ...........  5 .20 1425 .3818 545.7
T u rn ip s............................. ...........  5 .74 1386 .3010 448.1
B uckw heat....................... ...........  9 .47 1386 .3352 463 .5
C abbage............................ ...........  4 ,0 8 1282 .2980 420 .2
W h ea t................................ ...........  ...... 1236 .2600 322 .0
K entucky B luegrass. . . ...........  11.76 1216 .3063 380.2
T o m atoes......................... ...........  11.34 1212 .2896 362 .6
Canada B luegrass......... ...........  14.15 1118 .2729 334 .4
Sweet C lo v er................... ...........  10.89 1073 .2344 269.6
R y e ..................................... ...........  15.16 1030 .2453 282.7
M illet................................. ...........  14,84 989 .2459 252.2
Sudan G rass.................... ...........  13.96 951 .2023 227 .9
A lfalfa................................ ...........  11.60 8 7 2 .2099 193.4
Red C lover...................... ...........  13.28 850 .2178 230 .9
Orchard G ra ss ................ ..............  7 . 6 7 833 .2385 238 .0
Sorghum ........................... ...........  13.92 731 .2023 153.4
♦G rade index, as used here, is a  num ber expressing th e  g rad ing  q u a lity  of tobacco p roduced  u n d er
the conditions of the experiment. It is based upon the percentage yield of each grade of tobacco 
and the relative values of these grades given below:
Lights............................................................ 1.00 Long darks (19" and longer)..........................30
Mediums........................................................... 60 Dark stemming (17" and shorter).................20
Long seconds (19" and longer)...................... 60 Brokes................................................................10
Short seconds (17" and shorter).................... 30 Fillers.................................................................10
The grade index is derived by multiplying the percentage of each grade of tobacco by the re­
spective rating of the grades, given above, and adding the products.
Crop index, as used here, is a number expressing the crop value of tobacco produced under the 
conditions of experiment. It is based upon the gross yields of tobacco in pounds per acre and the 
grade index of the tobacco. Crop index is derived by multiplying the gross yield of tobacco in 
pounds per acre by the grade index of the tobacco.
Grade index and crop index and the adopted relative values of the different grades of tobacco, 
as used here, do not necessarily represent current commercial prices of tobacco.
T he lignin is recorded no t in to ta l q u a n tity  left in th e  soil, b u t in term s of per­
centage found in th e  sam ple. For exam ple, th e  to ta l am oun t of lignin rem aining 
behind when gladiolus is rem oved is small, a lthough  th e  percentage found in
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th e  p lan t is high. However, as th e  lignin increases, there  is a  tendency for yield, 
grade index, and crop index to  decrease.
I t  would seem th a t  those fields which have little  lignin residue from th e  p re ­
ceding crops would be desirable for a succeeding tobacco crop.
Rates of Decomposition of Various Bedding Materials. (John Zak and W alter
S. E isenm enger.) T he following bedding m aterials were analyzed for to ta l n i t­
rogen: southern  pine saw dust, southern pine shavings, w hite pine saw dust, cedar 
saw dust, hem lock shavings, chestnu t saw dust, oak saw dust, birch shavings, 
peanu t hulls, and cacao hulls. Each of th e  m aterials was mixed w ith an equal 
am oun t of soil (on a d ry  basis), and sufficient nitrogen added  in each case to  bring 
th e  to ta l nitrogen up to  1 percent. D eterm inations for ra tes  of amm onification 
and  n itrification were m ade every tw o weeks during a period of fourteen weeks. 
D uring th e  first two weeks of decom position, m aple saw dust had the  lowest 
ra te  of am m onification, followed in order by birch, cedar, oak, and hemlock. 
C hestnu t saw dust had th e  highest ra te . T he ra tes  of am m onification of the 
different conifers followed ra th e r closely a  general curve. T here was no evidence 
of n itra te  accum ulation un til a fte r four weeks, when traces began to  be found. 
R eappearance of n itra tes  a t  th e  end of th e  experim ent was due to  th e  decrease 
in th e  am oun t of cellulose present.
In an o th er series, th e  bedding m aterials were sa tu ra ted  to  90 percent of their 
w ater-holding capacity  with ca ttle  urine and left to  decompose. D eterm inations 
of am m onification and  nitrification were m ade once a m onth . Lignin determ ina­
tions were also m ade a t  th e  beginning and end of th e  decom position process to  
s tu d y  th e  com parative  changes in th e  various m aterials. D uring  th e  first m onth, 
birch shavings had th e  lowest am m onification ra te , followed by hemlock and 
sou thern  pine. N itra tes  did no t begin to  accum ulate  un til th e  end of the  ex­
perim ent.
From  a s tu d y  of th e  lignin accum ulation, it was found th a t cacao hulls decom­
pose m ost readily , followed by birch, oak, chestnu t, and peanu t hulls. L ittle 
lignin accum ulation was found when w hite pine, cedar, and hemlock were used, 
indicating a slow ra te  of decay. T he following d a ta  show th e  lignin content 
before and  a fte r decom position expressed in percentages.
Lignin, Percent
-----------------------------------------  Percentage
Original Decomposed Change
Cacao H u lls ...........................................  20.83 30.12 44.60
Birch S hav ings...................................... 17.57 22.98 30.80
O ak S a w d u s t.........................................  26.00  30 .29  24.19
C hestnu t S aw d u st...............................  23.99 29.64 23.55
Peanut H u lls .........................................  28.70  34.09 21.60
Cedar S aw d u st...................................... 27.49  30.98 12.69
H em lock S a w d u s t................................ 26.41 29.65 12.27
W hite  Pine S aw d u s t...........................  24.22  26.07 7.64
Southern Pine S a w d u s t.....................  26 .64  24.75 7.92
Southern  Pine S hav ings....................  26.64  24.53 7.92
M aple S havings....................................  22.74  17.98 20.93
The Use of Nitrogen as an Aid in Decomposing Old Sod. (Karol J. Kucinski, 
W illiam  H . Bender, and W alter S. E isenm enger.) A fter the  encouraging results 
ob tained  last year, th e  experim ent was continued. Calcium  cyanam id, a t  the 
ra tes  of 100 an d  50 pounds of n itrogen per acre, applied to  an  old sod before 
plowing in th e  la te  fall of 1937 proved to  be effective in hastening decomposition, 
as shown by yields of potatoes, corn, and  cabbage. A nother area, receiving the
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sam e trea tm e n t bu t plowed in th e  spring of 1938 instead  of th e  fall of 1937, 
showed sim ilar response to  add itions of nitrogen, b u t th e  yields in general were 
lower. D eterm ination  of am m onia and n itra te  nitrogen th roughout th e  growing 
seasons for th e  past tw o years showed th a t  the ra te  of decom position of th e  old 
sod was faster w here n itrogen was plowed under.
A lthough th e  differences in yields and chem ical analyses betw een th e  res­
pective trea tm e n ts  were not so great as those obtained th e  previous year, because 
of abnorm al rainfall th roughou t th e  growing season, th e  add ition  of nitrogen 
to  old sods before plowing them  under seems to  aid  in their decom position and 
thus lessens their usually harm ful effect.
The Absorption by Food Plants of Chemical E lem ents Important in Human 
Nutrition. (W alter S. E isenm enger and  K arol J . K ucinski.) L ettu ce  an d  cab ­
bage were grown on soil to  which th e  cations, sodium , potassium , m agnesium , 
and calcium , were added  a t  th e  ra te  of 5 0 0  p a rts  per million per individual p lot. 
The anions, chlorine, brom ine, iodine, sulfate , and  phosphate, were used on 
additional p lots a t  th e  ra te  of 200 p a rts  per million.
From  th e  chem ical analysis, th e  following increases for th e  aerial portions of 
lettuce and cabbage and for th e  roots of lettuce  w'ere observed and recorded on 
a percentage basis.
Let tuce Let tuce Cabbage
Tops Roots Tops
Cation Increase
C a O ................... .........................  6 . 3 1 6 . 1 1 6 . 0
M gO ............................................................ 5 8 . 5 1 9 . 9 4 3 . 6
K . , 0 ....................................... .........................  5 8 . 7 7 8 . 7 1 8 . 0
N a , 0 .......................... .........................  3 7 . 2 4 1 . 7 5 5 . 4
Anion Increase
p 2o 5 ..................................... .........................  5 6 . 6 4 6 . 5 4 3 . 0
S O  8 ......................................... .........................  2 8 . 4 6 1 . 5 8 4 . 9
C l ................................... ..........................  8 3 . 9 8 3 . 6 8 3 . 9
The order of in take of potassium  in cabbage and le ttu ce  was rem arkab ly  differ­
ent, as was sulfur. T he Cruciferae a re  noted  for sulfur com pounds. C hlorine 
was rem arkably  consistent in in take  for th e  tw o ty p es of p lan ts and  th e  p a rts  
of each p lan t. I t  would seem th a t  different soils cause different am ounts of ele­
ments to  be taken  in by  p lan ts according to  th e  availab le  am oun ts present. 
Also, in takes of elem ents by  p lan ts are  dependent upon th e  sem i-perm eable m em ­
branes, which differ in different types of p lan ts.
Magnesium Requirements of Plants. (W alter S. E isenm enger and K arol 
J. Kucinski.) A plo t of land known to  be deficient in m agnesium  was divided 
into four sections and  trea ted  as follows: no trea tm e n t, m agnesium  alone, m ag­
nesium plus lime, and  lime alone. A num ber of different species were then  p lan ted  
across th e  sections to  s tu d y  th e  reaction of each to  th e  different trea tm en ts .
Chemical analyses show th a t ,  w ith few exceptions, p lan ts receiving m agnesium  
salts conta ined m ore m agnesium  in th e  vegetative  tissue; b u t th e  application  
of lime had no effect on the  con ten t of calcium . T he com position of the  seeds 
with respect to  both m agnesium  an d  calcium  was relatively  constan t regardless 
of trea tm e n t. However, th ere  is some evidence th a t  th e  addition  of m agnesium  
salts to  soil reduces th e  potassium  conten t of seeds. R esults showed th a t if 
m agnesium  deficiency sym ptom s ap p ear a fte r p lan ts have m ade considerable
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grow th, little  is to  be gained by subsequent application of m agnesium  salts to  
th e  soil. T he photographs show th e  advantageous effects of a 150 pound ap p li­
cation of m agnesium  sulfate to  a magnesium deficient field.
Tobacco grown on land deficient in magnesium was of inferior quality , having 
poor color and  very poor leaf tex tu re . The sorting data  show th a t  bo th  grade 
and crop indexes were b e tte r where m agnesium was applied, e ither alone or 
with lime.
Investigation with Various Winter Cover Crops for Onion Fields. (Karol J. 
K ucinski and  W alter S. E isenm enger.) Onion growers in th e  C onnecticut Valley do 
not as a  rule use a w inter cover crop on their onion fields because it is desirable 
to  plow their fields in th e  fall in order to  p lan t th e  onions as soon as the  fields are 
free from frost in th e  spring. T his practice is responsible for th e  sheet erosion 
and  especially for th e  excessive dust storm s which are  witnessed during late fall 
and  early  spring. T he usual w inter cover crop of rye as used on tobacco fields, 
if seeded on an  onion field, would necessitate  spring plowing and thus re ta rd  the 
early  onion p lan ting  which is so desirable.
In  th is investigation , buckw heat, spinach, barley, oats, spring wheat, and 
spring rye were seeded th is fall on plowed onion land in th e  hope of finding some 
kind of p lan t, and a da te  and ra te  of seeding, which will produce a desirable winter 
cover and yet w interkill so as not to  interfere w ith th e  early p lanting  of onions.
Relationships of Natural Vegetation to Physico-Chemical Properties of 
Soils in M assachusetts. (W alter S. Colvin and W alter S. Eisenm enger.) It has 
been discerned by bo th  ecologists and farm ers th a t  some types of vegetation on 
land can be used as an  index of th e  lan d ’s po ten tiality . F our factors were chosen 
for investigation: p lan t type, soil type, w ater-holding capacity  of soil, and pH of 
soil, in th e  expectation th a t  a re lationship would be found betw een some of these 
factors.
M ore th an  425 sites have been chosen for th e  investigation, and the  natural 
vegetation  on these has indicated by frequency of occurrence th a t  positive results 
can be obtained. A bundance of certain  n a tu ra l growing p lan ts o c cu r in areas 
where land values never have been high) and  o ther types of p lan ts predom inate 
where th e  land is valuable even in tim es when agriculture  as a business is not an 
exceedingly profitable enterprise.
Investigation of Soil Erosion in M assachusetts. (Karol J. Kucinski and W alter
S. E isenm enger.) I t  has been felt for some tim e th a t,  before any  study  is made 
of th e  ways of controlling soil erosion w ithin th e  S ta te  of M assachusetts, there 
should be a prelim inary investigation to  determ ine th e  extent of erosion present 
and w hether soil m anagem ent practices and cropping system s now in use are 
generally  ad eq u a te  for its prevention. Accordingly, considerable tim e was spent 
during  th e  past year traveling  th roughout th e  S ta te , m aking careful observation 
of th e  different types of soil erosion and noting in particu lar th e  causes which 
brough t it ab o u t. M any farm s in practically  every town in th e  S ta te  were visited 
in deta il and visual observations for soil erosion were relied on alm ost wholly. 
Photographs of th e  different types of erosion were taken , and notations were 
m ade as to  th e  frequency of occurrence, type  of soil, slope, area, drainage condi­
tions, m ethods of cu ltivation , and kind of crop grown.
In sum m arizing th is investigation, it was found th a t accelerated soil erosion, 
which is differentiated  from geological erosion beause it. is brought about b \ the 
action  or carelessness of m an, is not a m ajor problem in th e  agriculture of the 
S ta te . I t  can and  should be controlled. Individual cases of sheet, gully, and wind 
erosion were found sca ttered  everywhere w ithin the  whole S tate. Sheet erosion 
was th e  m ost common form and was observed on cu ltivated  slopes of 10 percent
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or more. F requen tly  e ither carelessness or poor farm  m anagem ent was respon­
sible for sheet erosion. W ind erosion was found m ainly in th e  C onnecticut 
R iver Valley and  th e  Cape Cod section. Flood erosion of the  more d ev asta tin g  
n a tu re  was found along th e  C onnecticut, M errim ack, B lackstone, and H ousa- 
tonic rivers.
Soil erosion w ithin th e  S ta te  can be easily controlled if m easures a re  taken  to  
help th e  individual farm er to  overcom e his particu lar soil erosion trouble . The 
correct and more extensive use of cover crops, proper ro tations w ith sod, s trip  
farm ing, and contour cu ltivation  would aid g reatly , where feasible, in to ta lly  
elim inating an y  soil erosion.
This investigation  was carried out in cooperation with the  Soil C onservation 
Service of th e  U nited S ta tes D epartm en t of A griculture. A more detailed  report 
has been subm itted  to  th e  cooperating agencies in W ashington.
Onion Blast. ( \ \  . G. Colby.) T he onion disease known as b last occurs fre ­
quently  in the C onnecticut Valley. It is specifically a disease of th e  tops of 
onions, but has a m arked consequent effect on th e  yields and  q uality  of bulbs.
The onions in the  Valley have been affected severely by b last during  th e  last 
two seasons. In 1938 only seed onions were m uch affected; in 1937, however, 
the disease developed considerably earlier than  in 1938 and  caused serious in ju ry  
to the  tops of set onions as well as an  early, prem ature  dying- of th e  tops of seed 
onions. T he yields of set onions were much reduced by th e  a tta c k  of b last in 
1937, and m uch of the  loss caused by ro t, bo th  a t  tim e of harvest and  subse­
quently  in storage, seemed to  be d irectly  a ttr ib u ta b le  to  the  deleterious effects 
of the  b last on th e  grow th and  form ation of th e  bulbs. T he yields of seed onions 
were g reatly  reduced by the sm allness of th e  bulbs produced as a result of th e  p re ­
m ature death  of the  tops.
The cause of b last has been th e  object of m any field observations and  experi­
m ental tria ls by research workers a t th is sta tion  for m ore than  ten  years. In 1931 
Jones (Annual R eport, Mass. Agr. E xpt. S ta. Bui. No. 271, p. 243) reported  from 
greenhouse experim ents th a t  an in jury  resem bling b last could be induced by su b ­
jecting p lan ts to  reduced light, high re la tive  hum id ity , and  a wet soil for a period 
of ten days and then  exposing them  for a few hours to  intense sunshine and an 
atm osphere of low re la tive  hum id ity . L ater in th e  sam e year, D oran and  Bourne 
(Mass. Agr. Expt. S ta. Bui. 279), as a  resu lt of m any field observations and  tria ls, 
expressed th e  opinion th a t,  “ These and  o th er considerations indicate . . .  a  physiol­
ogical ra th e r th an  a parasitic  cause of onion b las t.’’ T he w riter, too, a f te r  m aking 
careful field observations during  th e  severe “ b last years” of 1937 and  1938, 
reached essentially th e  sam e conclusions. T he opinions expressed here a re  for 
the most part elaborations of ideas previously expressed.
The environm ental conditions producing b last were so ty p ica l in 1938 and 
the resulting b last so severe, th a t  it was th o u g h t desirable to  report in deta il the  
m anner in which th e  troub le  developed. D uring th e  m onth  of June, over 8 
inches of rain  fell and  th e  m ean daily  tem p era tu re  was slightly  above norm al. 
Onions, bo th  from  sets and  from  seed, m ade a  vigorous, healthy , dark-green top  
growth and  gave excellent prom ise of a  bum per yield un til ab o u t June  21. A 
week of cloudy, ra in y  w eather from  June  11 to  June  18 was followed by  hot, clear 
weather which began June  19 and continued until Ju n e  26. B last sym ptom s 
first appeared  ab o u t Ju n e  21 on onion seed sets and  on seed onions p lan ted  on 
light soil. T h e  b last began on the  lighter soils along th e  river banks and spread 
back tow ard  higher terraces. Seed sets and seed onions on o th er light soil areas 
b lasted  a t  th is  tim e also. B last was first characterized  th is year, as usual, by th e  
appearance of sm all w hite spots on the  leaves, followed by a dying back  from th e  
leaf tips.
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By June  25, v irtua lly  all seed sets were badly  affected, m any fields of seed 
onions partia lly  affected, and  some fields of set onions beginning to  die back from  
th e  tips. A heavy rain on June 26, 27, and  28 checked th e  progress of th e  blast 
on alm ost all areas. T en days of cool w eather, following these rains, perm itted  
th e  set onions to  m atu re  fully w ithout appreciable in jury  and allowed th e  seed 
sets in m ost instances to  “ size u p ” sufficiently to  be pulled, even though  they  
had been badly  affected by  b last. T h is was particu larly  tru e  where fertilizer 
topdressing had been applied to  seed sets before the June 26th rain. A good crop 
of seed sets was harvested  in alm ost all instances.
D uring th e  period Ju n e  28 to  Ju ly  8, th e  seed onions m ade good to p  growth 
an d  had begun to  form  bulbs. Even in those areas where th e  b last had  m ade its 
appearance earlier, th e  bulbs m ade good grow th, and a t  th is  tim e, prospects 
were excellent for a  good crop of seed onions. Of course, small areas on light 
land, particu larly  land flooded in 1936, m ade little  recovery and indicated th a t 
th ey  would be a to ta l loss. A period of w arm er w eather follov-ed from Ju ly  8 
to  Ju ly  17 b u t th e  progress of b last on seed onions was not rapid. On Ju ly  17, 
however, a m axim um  tem p era tu re  of 87° seemed to  induce b last sym ptom s again 
in practically  all seed onion fields. Between Ju ly  18 and Ju ly  25, some five inches 
of rain  fell, w ith only one rainless day. T he relative hum idity  was high a t all 
tim es, and  th e  few hours of sunshine which occurred during th e  week seemed to 
g reatly  accelerate th e  spread of b last sym ptom s. Clear, hot, hum id w eather on 
Ju ly  25 and 26 followed th is  rainy  week and  greatly  increased th e  severity of 
b last in all seed onion fields. Even fields of onions on th e  higher terraces in the 
v icin ity  of Am herst, which seldom show th e  effects of b last un til m uch la te r than  
Valley fields, were seriously affected a t  th is  tim e. In no instance, as a  result of 
b last, was e ither th e  yield or th e  quality  of a field of seed onions m uch more than  
40 to  50 percent of w hat could be considered a good crop. Set onions had reached 
m atu rity  before th is date  and as a result there  was little  dam age to  them  from 
blast.
In th e  opinion of th e  w riter, w hat principally happened to  th e  onion crop of 
1938 is as follows. T he heavy rains and  high tem pera tu re  during th e  first part 
of June  resulted  in a  ran k  vegetative  to p  growth accom panied by a relatively 
small and shallow root system . T he hot, dry  w eather tow ard  th e  end of June 
resulted  in excessive tran sp ira tio n  from th e  ran k  vegetative  tops, so th a t  the  root 
system  was unable to  m aintain  norm al w ater relationships w ithin th e  plants. 
As a result of th is abnorm al physiological condition, b last sym ptom s began to  
ap p ear and as th e  hot, clear w'eather continued, th e  spread of b last wras rapid and 
its  severity  increased. T he reason th a t  b last spreads and  does not appear sim ul­
taneously  on all areas is because in some soil types, th e  onion root system  is able 
to  m aintain  an ad eq u a te  supply of w ater to  th e  leaves for a longer tim e period 
th an  in o ther soil types. T he greater leaching of p lan t food nu trien ts, as a result 
of th e  heavy, early -June rain, from some soils (particularly  sandy soils) than  from 
others was also a  factor influencing th e  “ sp read” of b last in 1938. I t  appears 
th a t  when excessive leaching losses are experienced in June, blast will appear 
first on th e  “ ligh t” sandy soils. On th e  o ther hand, if June  leaching losses are 
not excessive, th e  p roportionately  g reater to p  growth and also shallower root 
system  of onions on “ h eavy” soil will result in b last appearing  there  first.
T he rains of June  26-28 followed by ten  days of cool w eather greatly  reduced 
transp ira tion  ra tes and perm itted  th e  reestablishm ent of norm al w ater relation­
ships w ithin th e  p lant and “ recovery” from blast resulted. T he fact th a t  seed 
onions a t  th is tim e were still in a relatively  early stage of growth also facilitated 
recovery.
W hen th e  sequence of w eather conditions of the  la tte r pa rt of June wrere d u p ­
licated during  the  la tte r  p a rt of Ju ly , the  seed onions behaved then  much th e  sam e
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as  th ey  had earlier in June. On the  hot, clear days of Ju ly  25 and 26 following a 
week of cloudy, ra in y  w eather, the  w ater relationships w ithin the  p lan t were so 
v io lently  d isrup ted  th a t  th e  onion tops in all fields of seed onions sim ply dried up. 
In th is case very  little  recovery resulted and  seed onion bulbs grew little  it any  
a fte r  Ju ly  25.
T he w eather conditions, then , which usually favor th e  extensive developm ent 
of b last include wet w eather in June, followed in Ju ly  by a  period which includes 
a  few days of cloudy, hum id w eather succeeded by a few clear, hot, d ry  days. 
In previous years, th is period in Ju ly  has usually begun ab o u t th e  th ird  week when 
seed onion bulbs have reached ab o u t half th e ir po ten tial size.
In checking through th e  Experim ent S ta tion  M eteorological O bservations 
over the  past eleven years, it was found th a t  w henever a  sequence of w eather 
conditions occurred sim ilar to th a t  described above, serious dam age from  blast 
resulted. Such w eather conditions existed during  th e  growing seasons of 1927, 
1928, 1931, 1935, 1937, and 1938, and  b last was p revalen t on seed onions to  a 
serious ex ten t each of these seasons.
Besides these w eather conditions as th e  prim ary  cause of b last, there  are  o th er 
con tribu ting  factors. Forem ost of these is in ju ry  from onion th rips . These 
insects not only m ay weaken th e  p lan t so th a t  it is more susceptible to  blast bu t 
may so fu rth er weaken the  p lan t a fte r  th e  effects of a mild a tta c k  of b last are  
gone th a t recovery is impossible. For exam ple, in 1938 very  few th rip s  were 
present when b last sym ptom s appeared  in June, b u t in Ju ly  when b last sym ptom s 
reappeared, th rip s were ab u n d an t. T he th rips population a t  th is tim e was so 
great th a t  even had the  p lan ts been able to  w ithstand  th e  effect of th e  b last, 
the  added in ju ry  from  th rip s  would have m ade recovery impossible. Onion th rip s  
then  m ay play an im portan t role in p reventing  recovery a fte r  w eather conditions 
producing b last have gone. By th e  tim e in Ju ly  when b last usually strikes, set 
onions have abou t reached m atu rity  and harvesting  operations have begun. 
The th rips tend  to  m igrate over from the  m atured  set onion tops to  actively  
growing seed onion tops and thereby  build up a high th rip s  population . Severe 
th rips in jury  to  seed onions consequently  develops. O ther con tribu ting  factors 
favorable to  th e  prevalence of b last include root diseases (prim arily  p ink root, 
Phoma terrestris) and  lack of available p lan t food as a result of heavy seeding or 
excessive leaching losses. In short, any  factor or set of factors which adversely 
affects th e  v ita lity  of the  onion p lan t will favor th e  developm ent and  increase th e  
severity of onion blast.
It can be seen th a t th e  occurrence of b last in six out of eleven years has created  
a very serious situation  with respect to  th e  grow th of seed onions in the  C onnec­
ticu t Valley. These “ b las t” years have resulted in large financial losses to  growers 
and have greatly  reduced acreages of seed onions.
Permanent Pastures. (W . G. Colby.) R esults from  outly ing  fertilizer to p ­
dressing experim ents in W orcester C ounty , M assachusetts , together w ith num ­
erous observations on o th er perm anent pastures th roughou t the  S ta te , lead to  the  
conclusion th a t  a t  best fertilizer topdressings on old pastu re  sods will only bring 
these sods up to  a m oderate level of p roductiv ity . Even a t th is p roductiv ity  level, 
herbage production  is seasonable. Herbage yields reach peaks in early sum m er and 
early fall and  drop  to  low levels in m idsum m er and la te  sum m er.
The first lim iting factor to  th e  presence of white clover in old pasture  sods is 
m oisture. N ative  w hite clover can be found widely d istribu ted  a fte r wet seasons, 
bu t a fte r d ry  seasons it will be found only in areas where good m oisture re la tio n ­
ships have been m aintained th roughout m ost of th e  growing season. L ack of 
available m ineral elem ents, also a lim iting factor to  th e  prevalence of w hite 
clover, is as im portan t as favorable m oisture relationships from the  standpo in t
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of yield. In pastures where native white clover can be depended upon to  supply 
nitrogen, response to  com plete m ineral (calcium, potassium , phosphorus) fe rtili­
zation will be pronounced.
In pastures where white clover cannot be depended upon to  supply nitrogen, 
th is  elem ent is th e  first lim iting elem ent, and is ordinarily followed in tu rn  by  
calcium  (lime), potassium , and phosphorus. In such cases, a system  of fertiliza­
tion  which includes nitrogen as well as com plete m inerals will be necessary to  
produce a pronounced response.
R eseeded Pastures. (W. G. Colby.) Reseeded pastures in th e  sense discussed 
here refer to  areas which are tilled, fertilized, and reseeded to  th e  more productive 
pastu re  species. O bservations clearly indicate th a t  before a potentially  high- 
yielding species, Ladino clover for example, can establish and m aintain  itself, a 
re la tively  high level of soil fertility  m ust be provided. T o a tta in  such a fertility  
level in m ost crop soils in M assachusetts, it is necessary to  incorporate fertilizer 
m aterials and organic m atte r into th e  soil in liberal quan tities by some sort of 
tillage operations. H igh-yielding species can then  be expected to  produce pass 
tu re  herbage com m ensurate w ith their po tential yielding capacity .
H ighly productive species will persist and rem ain in a high s ta te  of p roductiv ity  
ju st so long as it is possible to  m ain tain  a high level of soil fertility . W ith th e  aid 
of annual fertilizer topdressing applications, a relatively  high level can be m ain­
ta ined  in m ost instances from three  to  five years. To rea tta in  the  initial soil 
fe rtility  level, it is then  necessary to  repeat th e  tillage, fertilizer, and seeding 
practices. If reseeding operations a re  not carried out a fte r th ree  to  five years, 
K en tucky  bluegrass, native  w hite clover, and various Agrostis species will become 
th e  dom inant herbage plants.
T he problem  of herbage production in M assachusetts cen ters m ainly around  
soil fertility . If o ther factors such as w eather, physical soil conditions, and 
m anagem ent practices a re  reasonably norm al, not only th e  m aintenance of pa rtic ­
u lar species in m any cases bu t also th e  herbage yields of all species are prim arily 
functions of soil fertility . T he struggle in M assachusetts is to  provide a  level of 
soil fertility  which will m aintain  high-yielding species, such as Ladino clover. 
Fertilizer topdressing alone will not accomplish th is result. Tillage, fertilizers, 
organic m atte r, and  seed are  all im portan t factors in establishing and m aintaining 
productive species in productive pastures. If pastures are  cared for and trea ted  
as any  o ther high-producing crop, they  will yield in a com parable fashion.
Trials of Thirteen Different Hay Seeding M ixtures. (R alph W . Donaldson, 
W alter S. Eisenm enger, and K arol K ucinski.) D ata  obtained a t  th e  end of th ree  
years from tw o cu ttings per year of various seeding m ixtures on soil limed for 
alfalfa  indicate th e  following: (1) A num ber of m ixtures show no significant 
difference. No single one is ou tstand ing . (2) T he m ixtures to ta ling  18-21 pounds, 
comprised of alfalfa 6-18 pounds, with th e  balance m ade up from red clover 3-6 
pounds and  tim o th y  3-6 pounds, have tended  to  produce th e  highest yield.
(3) Orchard grass in m ixtures, while yielding com paratively  well in new stands, 
has reduced th e  percentage stand  of alfalfa p lan ts in subsequent years and  also- 
m atures too  early  for use w ith alfalfa. (4) R edtop, possibly satisfactory  with 
tim o thy  and clovers, appears less desirable when alfalfa is included, because of 
its denser grow th. (5) A 21-pound ra te  of seeding averaged 250 pounds more 
hay th an  a 17-pound ra te  and 800 pounds more th an  a 13-pound ra te . (6) Of most 
significance in m aintain ing  yields in these tria ls was a topdressing of 250 pounds 
of potash (60 percent) per acre, applied on half of all plots th e  tw o previous 
seasons, which in 1938 harvests resulted in a 46 percent increase in yield.
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The Effect of Time of Cutting on Yields of Alfalfa and the Use of Potash in 
Preventing W interkilling of Alfalfa. (Karol J . Kueinski, W alter S. E isenm enger 
and R alph \Y. D onaldson.) This experim ent has been continued  for th e  past 
three  years. Mowings of alfalfa were m ade a t definitely spaced in tervals of tim e 
to  determ ine the  best m anagem ent practice for alfalfa  growing. Some plots were 
cut th ree  tim es and  others were cut tw ice per season, beginning in early Ju n e  and 
extending to  late Septem ber. This year, as in th e  past tw o, th e  higher yields 
were obtained on those plots having a  schedule of th ree  cu ttings, a lthough  th e  dif­
ference in yields betw een th e  plots cut th ree  tim es and  those th a t  were cu t tw ice 
was not as great as in th e  past tw o years. T he s tan d  of alfalfa in th e  fall where 
two cu ttings were m ade was generally superior to  th a t  where th ree  cu ttings 
were m ade. Portions of each plot, which did not receive any  potash, did not 
w ithstand th e  elem ents of w inter and nearly  all of th e  alfalfa has been w inter- 
killed and replaced by a th ick  stand  of volunteer grass and weeds.
Alfalfa Variety Tests. (W alter S. E isenm enger and  K arol J. K ueinski.) In 
cooperation with th e  U. S. D. A., 15 stra ins of alfalfa  seeded in 1935 have been 
continued as a basis for yield and longevity  studies. T he Grim m  v arie tv  was 
used as s tandard  check.
T he longevity  of th e  varieties, based on observation m ade in th e  spring, m ay 
be ten ta tiv e ly  ra ted  as follows:
B ette r th a n  
G rimm (Check)
Sam e as 
G rim m
Poorer th a n  L east
G rim m  A dap ted
H ardigan 
Hungarian 
Italian 
New Mexico
O nt. V ariegated 
D akota  Common 
Cossack
Arizona Common 
U tah  Common 
K ansas Common
Argentina
H ard istan
L adak
T u rk istan
Effect on pH from Adding Sulfur to a Soil. (R alph W. D onaldson, W. G. 
Colby, and  H ran t M . Yegian.) O rd inary  finely ground sulfur was applied in 
100, 250, 500, and 1,000 pound ra tes per acre to  a  soil of very  fine sandy loam 
tex ture  with initial pH of 6.5. T he effect on soil pH  was observed during  an 
87-dav period (M arch 16-June 11, 1938) in trip lica te  pot tria ls  under greenhouse 
conditions of tem pera tu re  and  reasonably high m oisture. R eadings s ta rted  10 
days a fte r the  sulfur was applied, and  were recorded a t  weekly in tervals, using 
a Beckm an glass electrode po tentiom eter.
Definite change in reaction was a lready  ap p aren t in 10 days and  was v irtua lly  
complete by th e  end of 30 days. A dditions of sulfur to  th is  soil tended  to  lower 
the  pH  in fairly direct proportion  to  th e  am o u n t of sulfur applied. T h e  decrease 
per unit of applied sulfur was sm aller, however, as larger applications were m ade. 
The am ount of pH  change effected by  each increm ent of sulfur, com pared with 
th a t of th e  u n trea ted  soil, is shown as th e  average difference for all readings, 
as follows:
Rate of Sulfur Average Reduction in
Application pH Readings for the Period
M arch  26-June 11
100 p o u n d s ................................................................................. 159
250 p o u n d s ................................................................................ ...
500 p o u n d s ................................................................................. 539
1,000 p o u n d s .....................................................................  1.159
Potato Variety Trials. (R alph W. D onaldson, W alter S. Eisenm enger, and 
K arol K ueinski.) T ria ls of 8 varieties were m ade a t  th e  college. Tw o of th e  
newer varieties, H oum a and W arba, yielded well. Chippew a, which in o ther
20 MASS. E X P E R IM E N T  ST A T IO N  B U L L E T IN  355
seasons has ranked high in these tests, th is season gave low yields, possibly be­
cause of leaf roll. In order of rank, the  8 varieties are as follows: Green M ountain, 
Houm a, W arba, R usset R ural, Cobbler, K atahdin . Chippewa, Golden.
The Comparative Nutritive Effects of Copper, Zinc, Chromium, and M olyb­
denum. (H. R obert DeRose, W. S. Eisenm enger, and W. S. R itchie.) B uck­
wheat and  barley were again grown in white sand cultures, using K nops' n u trien t 
solution, to  which th e  elem ents copper, zinc, m olybdenum , and  chrom ium , were 
added. T he sand used was shown to  be free of any  contam inating  m etals by 
spectrograhic analysis, conducted by  th e  workers in the  laboratories of th e  U nited 
S ta tes D epartm en t of A griculture in W ashington.
T he addition  of sm all am oun ts of copper and zinc (less th an  5 p.p.rn.) had a 
stim ulating  effect, increasing th e  to ta l d ry  weight of th e  buckw heat. Any am ount 
above 5 p.p.m . of copper and 10 p.p.m . of zinc had a depressing effect, decreasing 
th e  to ta l d ry  weight of th e  p lan t as well as adversely affecting the  root system .
M olybdenum  had a stim ulating  effect on buckw heat up to  10 p.p.m ., beyond 
which th e  to ta l d ry  weight of th e  p lan t was decreased as was th e  general size of 
th e  root system .
R esults obtained w ith th e  barley p lan t w ith copper and zinc were th e  same as 
for th e  buckw heat p lan t. Barley w-as more to le ran t to  m olybdenum  than  buck­
w heat, for th e  m axim um  dry  weight was obtained with 40 p.p.m .
Chrom ium  had little  if any stim ulating  effect on barley  in small quantities, 
while larger quan tities (40 p.p.m .) killed the  p lants.
Further Studies with Calcium Cyanamid as a W eedicide. (Lawrence S. D ick­
inson and H ran t M . Yegiari.) On a  M errim ac soil type, effective control of 
crab  grass was obtained in an  established K entucky  bluegrass lawn, known to 
be heavily infested w ith crab  grass seed. On plots receiving a  single application 
M arch 1, 10 to  15 pounds per 1,000 square feet gave th e  m ost effective control 
of crab  grass. Slightly b e tte r  control of crab  grass and less in ju ry  to  th e  lawn, 
however, resulted from tw o applications (10 pounds per 1,000 square feet on 
M arch 1, followed by 10 pounds on June  5) th an  was ob tained  front the  single 
15-pound application on M arch 1. June  5 is ju st prior to  th e  norm al germ inating 
tim e of crab  grass a t  A m herst.
As a  preseeding weedicide to  control crab  grass, calcium  cyanam id, raked into 
th e  surface tw o inches of th e  graded lawn a t th e  ra te  of 20 pounds to  1,000 square 
feet, reduced th e  crab  grass population to  a  practical m inim um .
COOPERATIVE TOBACCO INVESTIGATIONS
Conducted by the Bureau of Plant Industry, United States Department of Agri­
culture, in Cooperation with the M assachusetts Agricultural Experiment
Station
C. V. Kightlinger, U. S. D. A., in Charge
Black Root-Rot. (C. V. K ightlinger.) This project to  im prove H avana 
Seed tobacco was begun several years ago. T he objective and  th e  plan of work 
were bo th  given in last y ear’s Experim ent S ta tion  Annual R eport. No im portant 
changes have been m ade in e ither since th e  project was begun, although its differ­
en t phases have been stressed in progressive order, and  th e  work done has been 
varied  as circum stances and  needs of th e  problem  necessitated.
M any new stra ins of H avana  Seed tobacco have been produced during the  
course of th e  project. A large num ber of these stra ins have been tested  experi­
m entally , and  several of them  have been found to possess much m erit.
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The m ost prom ising of these new stra ins is H av an a  Seed 211. It is highly 
resis tan t to  black roo t-ro t. In general appearance it closely resem bles comm on 
H ava na Seed tobacco. It is a good producer with respect to  both am oun t and 
q u a lity  of tobacco produced and it w ithstands d rou th  considerably b e tte r  than  
m ost stra in s  of comm on H avana  Seed tobacco do. It has been observed also 
th a t  flea beetles and th rip s  do not a tta c k  H avana  Seed 211 so readily  as they  do 
comm on H avana  Seed tobacco.
In sm all plot tests conducted for six years under favorable producing condi­
tions where black root-rot was not an im portan t factor, H avana Seed 211 averaged 
2214 pounds of tobacco per acre and outyielded th e  common H avana  Seed 
control by 164 pounds per acre, or 8 percent. I t  ou tgraded  th e  contro l by a p ­
proxim ately 12 percent. On th e  basis of bo th  yield in pounds per acre and  q uality  
of tobacco produced, it surpassed the  control by approxim ately  21 percent. In 
other small plot tes ts conducted for five years under b lack  root-ro t prom oting 
conditions, H avana Seed 211 averaged 1938 pounds of tobacco per acre and  out- 
yielded the  common H avana Seed control by 607 pounds per acre, or ap p ro x ­
im ately 45 percent. It ou tgraded  th e  control by approxim ately  45 percent. On 
the  basis of bo th  yield in pounds per acre and  q u a lity  of tobacco produced, it 
surpassed th e  control by  approxim ately  88 percent.
H avana Seed 211 has been grown to  a lim ited ex ten t com m ercially. I t  com ­
monly has outyielded and  outgraded common H av an a  Seed tobacco when th ey  
were grown under com parably  favorable producing conditions. U nder black  
root-rot prom oting conditions, it has far surpassed comm on H avana  Seed tobacco 
with respect to  both am ount and q uality  of tobacco produced.
A m ajority  of th e  growers of H avana  Seed tobacco in th e  C onnecticut Valley 
who have grown H avana Seed 211 approve of th e  stra in  in its present stage of 
developm ent. And it is acceptable to  one group of tobacco buyers in th e  C onnec­
ticut Valley. However, an o th e r group of buyers ad m it freely th a t  th e  stra in  
possesses m uch m erit bu t suggest th a t  it be modified in certa in  respects to  m ake 
it more acceptable to  them .
So, recognizing th e  close approach  which H avana  Seed 211 m akes tow ard  fu l­
filling th e  objectives of th e  p roject, and using th e  stra in  as a  foundation  stock, 
work has been done during  th e  last tw o years to  im prove upon th e  stra in  in ac ­
cordance with the  suggestions m ade by  th e  la tte r  group of buyers. T h is was 
first a ttem p ted  by' selecting w ithin H av an a  Seed 211 certain  p lan ts which seemed 
possibly to  possess th e  desired characteristics. T he progeny of these selections 
are now being grown to  determ ine w hether any  of th em  possess th e  desired ch ar­
acteristics in sufficient degree to  satisfy th e  criticism s m ade of H avana  Seed 211. 
And secondly, in order to  provide new stra in s  for use in th e  pro ject in case the  
selections m ade w ith H avana  Seed 211 fail to  provide th e  desired im provem ents, 
numerous crosses have been m ade betw een th e  m ost accep tab le  selections and 
three highly approved  stra ins of common H avana  Seed tobacco. T he progeny 
of these crosses a re  now being grown for th e  purpose of selecting new stra ins which 
may possess th e  desired characteristics. T he selections m ade from th e  crosses 
will be tested  in due tim e to determ ine th e ir  w orth. By these procedures it is 
hoped to  produce stra ins of H avana Seed tobacco which are  im provem ents over 
H avana Seed 211 and which m ay more nearly' satisfy  those who criticise H avana  
Seed 211.
R eductions in Yield and Q uality  of Tobacco C aused by M osaic. (C. V. K ight- 
linger.) E xperim ents were m ade in 1936 and 1937 to  determ ine and  to  com pare 
th e  reductions in yield and q u ality  of H avana Seed tobacco in th e  C onnecticut 
Valley caused by comm on tobacco mosaic. Four inoculations for mosaic were
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m ade a t successive 15-day intervals each season, beginning as soon a fte r th e  tim e 
of se tting  th e  tobacco as it was possible to  inoculate th e  plants. T he inoculum  
used in the  experim ents was obtained by expressing juice from m osaic-diseased 
tobacco p lants, and  it was applied to  th e  leaves of the  p lan ts to  be inoculated by 
m eans of th e  fingers. Except for th e  difference in tim e of inoculating th e  plants, 
uniform  trea tm en ts  were employed th roughout the  experim ents each season.
By sum m arizing the  experim ental results for the  two years, it was found th a t 
mosaic infection resulting from  th e  inoculations reduced th e  yield of tobacco 
below th a t  grown on th e  control plots, which was 1924 pounds per acre. Quality 
and  value of th e  tobacco were also reduced as follows:
T im e of Inocu la tion  R eduction  due to  M osaic Infection
In Yield In  Quality In Value
Percent Percent Percent
A t tim e of se ttin g ................ 30 28 50
15 days a fte r se ttin g ........... 25 22 42
30 days a fte r se ttin g ........... 16 14 28
45 days a fte r se ttin g ........... 10 10 19
DEPARTMENT OF ANIMAL HUSBANDRY  
Victor A. Rice in Charge
The Effect of Feeding a Vitamin A Concentrate on Growth and Reproduction 
in Dairy Cattle. (J G. A rchibald and  C. H. Parsons.) T he final detailed report 
on th is project has been prepared  and  will be published as an  experim ent station 
bulletin.
T he results obtained, a lthough favorable to  th e  v itam in  A concentra te  in their 
general trend , were not m arked. I t  should be borne in m ind, however, th a t the 
cows were on be tte r-than -average  rations, some of them  being fed for Advanced 
R egistry  records. I t  seems reasonable to  assum e th a t  response to  th e  concentrate 
m ight be more m arked under average farm  conditions th an  it was in th is case.
I t  seems justifiable to  recom m end for average New England conditions the 
inclusion of some form of supplem ental v itam in  A in th e  rations of dairy cattle 
during  th a t  period of th e  year when they  are  not on pasture. T he practice will 
be of most value on farm s where silage is not fed and  th e  hay is of poor quality. 
If New E ngland dairym en could feed good quality  alfalfa hay through the  winter 
and  if th ey  could alw ays be sure of having well-preserved corn silage stored 
before frost, it is probable th a t their cows would not need additional v itam in A. 
B ut since for m ost of them  such a s ta te  of affairs is not a tta inab le , some other 
source of the  v itam in m ust be relied upon.
The Effect of Complex M ineral and Vitamin M ixtures on M ilk Production, 
General Health, and Reproductive Efficiency in Dairy Cattle. (J. G Archibald.) 
T he feeding tria ls connected w ith th is  pro ject were brought to  completion during 
th e  year, and  records extending over a  period of two years a re  in process of de­
tailed  study . Conclusions cannot be draw n a t th is tim e, bu t from superficial 
observation  the  anim als receiving th e  supplem ents do not appear to  be superior 
to  those in th e  control groups.
A Study of the M ineral Elem ents of Cows’ Milk. (J. G. Archibald and  C. H. 
Parsons.) Supplem ental phosphorus in th e  form of disodium  phosphate, fed to  a 
group of eight cows in th e  college herd during the  winter of 1937-38, increased
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th e  phosphorus con ten t of their m ilk only slightly  (from .089%  when th ey  did 
not receive it to  .090%  when it was fed daily  in their grain ra tio n ). T his slight 
increase was not significant. T he averages a re  based on 96 de term inations of 
th e  elem ent in th e  m ilk —  48 when th e  cows were receiving th e  supplem ent and 
48 when th ey  did no t receive it.
T his season th e  effect of supplem ental iron on th e  iron con ten t of m ilk is being 
studied .
The Effect of Artificial Light on Milk Production. (J. G. Archibald and  C. H . 
Parsons.) T he prelim inary  tria ls on th is pro ject have been com pleted. D uring  
th e  w inters of 1936-37 and  1937-38, tw o G uernsey cows were a lte rn a te ly  exposed 
to  th e  direct rays of a 1000-watt electric light th roughout th e  hours of darkness 
for successive 30-day periods. These cows were sim ilar in age, breeding, and  
stage of lac ta tion  and  were handled identically  except for th e  exposure to  light. 
T heir production records, when converted  to a  4 percent fa t basis, showed greater 
production (1.43%  th e  first year and  0.64%  th e  second year) during  th e  periods 
when th ey  were exposed to  th e  strong  light th an  when th ey  were kept under 
ordinary  conditions.
Studies in the Chemistry of Pasture G rasses. (J. G. A rchibald.) T he chem ical 
studies originally p lanned for th is pro ject wTere b rought to  com pletion during  th e  
year and correlation and  in te rp re ta tio n  of th e  results a re  in progress. T he pal- 
a tab ility  tests w ith cows were repeated  th is season and  extended to  th e  second 
series of plots. T he results su b s tan tia te  those ob tained  last year. T he cows 
showed a  decided preference for tim o th y , th e  ben t grasses (Agrostis spp .), and 
orchard grass; th ey  were qu ite  indifferent to  bluegrass as long as th e  o thers were 
in good supply; and  th ey  left sheep fescue (Festuca ovina) p ractically  un touched. 
The verdict of th e  cows confirms th e  judgm ent of th e  n u tritiv e  value of th e  grasses 
based on th e ir chem ical com position.
The Vitamin Content of Certain Pasture G rasses. (W . S. R itchie and  J. G. 
Archibald. C ooperative with C hem istry .) T his project has been com pleted. 
T he report appears under th e  D ep artm en t of C hem istry.
Investigation of the M erits of Legume and Grass Silage for M assachusetts 
Agriculture. (J. G. Archibald and  C. H. Parsons.) T he feeding tria ls  conducted  
during th e  w inter of 1937-38 showed th a t  th is ty p e  of silage was equal to  corn 
silage and  superior to  d ry  hay for m ilk p roduction . F lavor and  carotene con ten t 
of th e  m ilk were im proved.
No difficulty was experienced in ge tting  th e  cows to  eat th e  silage. Tw o lots 
of it stored  in 1937 consisted largely or entirely  of alfalfa. T he cows relished th e  
alfalfa silage keenly and  increased som ew hat in th e ir m ilk flow while it lasted. 
Experience th u s  fa r in feeding such m aterial, however, leads to  th e  belief th a t  it 
cannot com pletely tak e  th e  place of d ry  hay. T he ca ttle  seem to  crave d ry  rough- 
age a fte r th ey  have been w ithout it for a  tim e.
In June  of th is year approxim ately  80 tons of th e  m ateria l were preserved with 
molasses an d  117 tons were stored in an o th er silo w ith phosphoric acid (18 pounds 
to  each ton  of green grass) as th e  p reservative. A t da te  of w riting (D ecem ber 
1938), th e  phosphoric acid silage is being fed in com parison w ith corn silage. 
L ater in th e  w inter it will be com pared with th e  molasses silage.
T he phosphoric acid silage seems to  be qu ite  well liked by th e  cows, bu t it 
has no t kep t as well in storage as th e  molasses silage did last year. F lakes and 
pockets of m old are  encountered ra th e r too frequently , bu t th is m ay possibly 
be due to  th e  ty p e  of silo (a square concrete s tru c tu re  with rough inside walls) 
ra th e r th an  to  inefficiency of th e  preservative.
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A bulletin  dealing with all phases of th e  subject of legume and grass silage will 
be available for d istribu tion  before silo-filling tim e next June.
The Value of Dried Citrus Pulp for Dairy Cows. (J. G. A rchibald.) T he dev­
elopm ent of th e  canned citrus fru it and  c itrus juice industry  in th e  U nited  S ta tes 
during th e  past few years has resulted in th e  production of a new by-product feed 
known as dried c itrus pulp. T his m aterial consists of th e  dried and  processed 
cannery  residues, chiefly rinds, seeds, and  “ rag ” (the technical nam e for th e  w hite 
netw ork  inside th e  rind  and  betw een th e  sections of th e  fru it), together w ith such 
cull whole fru it as is unm arketab le  or unsuitable for hum an food. Depending on 
its  poin t of origin, it m ay come chiefly or entirely  from  oranges or grapefruit, or 
m ay be a  m ixture of both .
A lthough bo th  th e  unprocessed “ green” pulp and th e  dried comm ercial product 
have been fed to  various classes of livestock in California, Florida, Georgia, and 
Texas for several years, th e  dried pulp m ade its first appearance in New England 
feed m arkets early in 1938. I t  has come into th is region chiefly as a com petitor 
of dried beet pulp in th e  ra tion  of m ilking cows. Analyses show it to  be strictly  
a carbohydra te  feed.
Inform ation  on its value for m ilk production is lim ited. Favorable  results are 
reported  from  California and F lorida, bu t in both cases th e  num ber of cows used 
was sm all. No evidence is available concerning its value under New England 
conditions of feeding and  m anagem ent. I t  was therefore decided, when it first 
reached our m arkets a few m onths ago, to  conduct an  extensive feeding tria l of 
its  m erits w ith a  large num ber of cows. Through th e  courtesy of officials in the 
S ta te  D epartm en t of M ental H ealth  it has been possible to  conduct such a  trial 
in th e  herd a t  th e  Belchertown S ta te  School.
T h irty -e igh t purebred Holstein cows were divided in to  tw o groups and were 
fed dried c itru s pulp and  dried beet pulp by th e  double reversal m ethod over a 
period of 86 days (60 days actual t r ia l ; 26 days prelim inary). Some difficulty was 
experienced in getting  th e  cows to  eat th e  c itrus pulp, although it was moistened 
and  some molasses added  to  it.
C om parative effect of th e  tw o ra tions was noted on general condition of the  
cows, gains in live weight, and  m ilk production. In all these respects there  was a 
slight difference in favor of th e  beet pulp, b u t it was significant only for gain in 
weight and  then  only barely  so.
I t  would seem th a t ,  w ith th e  exercise of some care and  patience in getting  cows 
accustom ed to  th e  c itrus pulp, it should prove a satisfactory su b stitu te  for beet 
pulp in th e ir  rations. Because of its carbohydra te  na ture , if m uch of it is fed, the 
protein  con ten t of th e  grain ra tion  should be higher th an  otherwise. C itrus pulp 
is heavier th an  th e  ty p e  of beet pulp ordinarily  fed in New' E ngland and soaks 
up  less W'ater. Anyone unaccustom ed to  feeding it should rely on weights ra ther 
th an  on m easures a t  first.
DEPARTMENT OF BACTERIOLOGY 
Leon A. Bradley in Charge
T he research work of th e  d ep artm en t is divided between two general topics: 
one being th e  bacteria  of w ater, and th e  o ther in testinal bacteria  im portant in 
nu trition . T he research program  on th e  bacteriology of drinking w ater was 
outlined in th e  annual report for 1937 (M ass. Agr. E xpt. Sta. Bui. 347.26, 1938). 
Some new work has been undertaken  in the  bacteriology of swimming pool 
w ater, including a s tudy  of th e  influence of swimming load on the num bers of
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streptococci and  on the  ra tio  between streptococci and coliforni bacteria , as well 
a s  a  s tu d y  of th e  streptococci to  determ ine their source.
T he tes t for coliforni bacteria  (Bacillus coli group) is used, as with drinking 
w ater, to  indicate th e  san ita ry  quality  of th e  w ater used to  fill swim m ing pools. 
W hen pool w ater is trea ted  by some purification process, usually chlorination , 
th e  presence of coliforni bacteria  m ay be in te rp reted  as indicating  con tam ination  
of th e  w ater by those using th e  pool.
A uthorities are  giving a tten tio n  also to  streptococci present in w ater as evidence 
of con tam ination , bo th  in drinking w ater supplies and  in sw im m ing pool w ater. 
Streptococci do not survive as long in w ater as do coliforni bacteria . T he presence 
of streptococci, therefore, can be in te rpreted  as evidence of com paratively  recent 
con tam ination . T he streptococci can be differentiated  by lab o ra to ry  m ethods 
to  give some idea of th e ir source, w hether th ey  come from th e  in testinal tra c t 
or from th e  nose and  th ro a t. If they  are  from th e  in testinal trac t, they  have th e  
sam e significance as th e  coliforni bacteria . If th ey  are  from th e  nose and  th ro a t, 
they  m ay indicate possible danger of nose, th ro a t, or sinus infections am ong pool 
users. Both types m ay be found in pool w ater a t  th e  sam e tim e.
Following are  reports of studies m ade during  th e  year.
Influence of Bile and Bile Salts on Aerobacter aerogenes. (Jam es E. Fuller.) 
T his study  has been published in th e  Proceedings of th e  Society for E xperim ental 
Biology and  M edicine, Vol. 38, pp. 507-510, 1938.
Salt Tolerance of Fecal Bacteria. (Janies E. Fu ller an d  R. H. G uiberson.) 
This is a s tudy  of th e  salt (sodium chloride) tolerance of streptococci isolated 
from feces as influenced by carbohydrates, bile, and reaction of th e  m edium . T he 
object is to  obtain  results th a t m ay assist in d ifferentiating  these streptococci in 
order to  evaluate  th e ir san ita ry  significance. A sim ilar s tu d y  is being m ade of 
the coliform bacteria , for com parison w ith results of th e  streptococcus s tudy .
Studies com pleted have shown th a t  m em bers of th e  streptococci isolated from 
feces are classified as form s from  th e  nose and th ro a t (by accepted  physiological 
reactions). Salt to lerance te s ts  of coliform bacteria  showed th a t  Escherichia coli 
to lerated 9.5 gram s of salt per 100 m illilitres of n u trien t b ro th ; Aerobacter aero­
genes to le rated  9.0 gram s of salt per 100 m illilitres of b ro th ; an d  certa in  in te rm ed ­
iates to le rated  no m ore th an  8 gram s of sa lt per 100 m illilitres of b ro th . T ol­
erance was indicated  by  visible grow th. I t  was possible to  recover living bacteria  
from all cu ltu res up  to  th e  lim it of sa lt concen tra tion  em ployed, 11 gram s of salt 
in 100 m illilitres of b ro th . T h is portion  of th e  experim ent will parallel th a t  with 
th e  streptococci by determ ining th e  influence of ferm entable carbohydra tes, 
bile salts, and different m edia reactions.
A Study of the Eijkman Test. (R alph  L. F rance.) T h is tes t for th e  san ita ry  
quality  of w ater is based upon th e  claim  of its o rig inator th a t  only Escherichia coli 
definitely significant of sewage contam ination  will produce acid  an d  gas in dex­
trose b ro th  a t  46° C., an d  th a t  less significant m em bers of th e  coliform group 
will not do so. M ore th an  th ree  hundred coliform bacteria  cultures were cu lti­
vated  in E ijk m an ’s dextrose b ro th  a t  several tem pera tu res (46°, 45°, 44°, 43°, 
41° an d  39° C.). T he bacteria  represent Escherichia coli, Aerobacter aerogenes, 
and  in term ediates of th e  group selected on th e  basis of s tan d ard  tes ts  (Voges- 
Proskauer M ethyl red, and  sodium  c itra te ). I t  was an tic ip a ted  th a t th e  use of 
th e  several tem p era tu res m ight aid  in grouping these bacteria  with reference 
to  th e ir re la tive  san ita ry  significance. I t  was found, however, th a t only Escherichia 
coli was selected by th e  procedure. This was in agreem ent w ith th e  usual in te r­
p re ta tio n  of th e  te s t. T here  appeared  to  be no relationship, am ong o ther strains, 
to  their differential reactions.
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Streptococci in Swimming Pool Water. (R alph L. France.) A com prehensive 
s tudy  of th e  w ater of th e  college pool during tim es of heavy use revealed th a t  a 
m ajority  of the  cultures isolated were not of intestinal origin bu t were from th e  
m outh and nose. T he num bers increased rapid ly  with th e  increase of th e  sw im ­
ming load, and  decreased ra th e r quickly a fte r th e  swimmers had left th e  pool. 
T he w ater of th e  pool is trea ted  with chlorine. F u rth e r study  is planned on th e  
college pool and o ther available pools. A study  of th is kind is im portan t because 
of th e  popularity  of swimming pool use in schools and colleges, and  in public 
parks and o ther recreation areas.
In te stina l B ac teria  Im portan t in N utrition
Studies of in testinal bacteria  are being m ade in cooperation with th e  N u t­
rition L aboratory  and with Home Economics Research. It is claimed by m any 
au tho rities th a t bacteria  which decompose protein food w aste in th e  intestine 
are  detrim ental to  health , and th a t bacteria  of the  Bacillus acidophilus group are  
beneficial. T his theory  is th e  basis for th e  trea tm en t of in testinal disorders with 
rem edies designed to  encourage th e  developm ent of th e  acidophilus bacteria  and 
to  discourage the  protein-decom posing bacteria . Acidophilus m ilk and o ther 
soured m ilks are prom inent am ong such remedies.
T his laboratory  has been studying  th e  influence of m ineral salts, and of m ineral­
bearing substances such as kelp, on th e  ra tio  between the  acidophilus bacteria 
and  th e  protein-decom posing bacteria  in th e  in testinal trac ts  of white ra ts. Colon 
bacilli are comm only associated with protein-decom posing bacteria  and th e ir  
num bers are used as an indication of protein-decom posing activ ity . Colon 
bacilli are responsible for liberating from decomposed proteins th e  supposedly 
toxic substances which cause th e  condition comm only known as autointoxication.
The public is v itam in conscious these days, and m uch is said and w ritten  about 
th e  v itam in deficiency of our foods. Som etim es a  vitam in-deficiency ailm ent 
appears in a person who seems to  be getting  a satisfactory  am ount of v itam in in 
his food. In such cases it has been claimed by some au thorities th a t  bacteria in 
th e  intestine m ay destroy vitam ins. T his laboratory  has studied  the  activ ities 
of certain  bacteria  on v itam in C (ascorbic acid), to  furnish inform ation as to 
bacteria l destruction  of vitam ins.
Detailed reports of th e  several studies follow.
The Influence of Calcium Salts on the Fecal Flora of Albino Rats. (Jam es
E. Fuller and  W. B. Esselen, Jr .)  This investigation was undertaken  in order to 
observe the  effect on th e  fecal flora of albino ra ts  of calcium carbonate  and tr i­
calcium  phosphate when added to  a 60 percent lactose diet. T he basal diet itself 
contained adequate  am ounts of calcium  and phosphorus, and th e  experim ental 
diets contained enough of th e  respective calcium  salts to  furnish one percent of 
added  calcium .
D eterm inations of th e  num bers of Lactobacillus acidophilus and  Escherichia, 
coli present in th e  feces of th e  anim als were m ade a t frequent in tervals for a period 
of approxim ately  ten  weeks. T here was such a m arked fluctuation in th e  fecal 
bacteria  of th e  individual ra ts  th roughout th e  experim ental period th a t a definite  
in te rp reta tion  of th e  d a ta  is difficult to  m ake. However, th e  addition  of one per­
cent of calcium  in th e  form of tri-calcium  phosphate had no m arked effect on the 
fecal bacteria  of th e  ra ts. The ra ts  receiving th e  calcium  carbonate  tended to 
show an increase in th e  num bers of fecal Escherichia coli, but th e  num bers of. 
Lactobacillus acidophilus were not altered.
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The Influence of B acteria  on the  O xidation of Ascorbic Acid (Vitam in C).
W . B. Esselen, Jr ., and  Jam es E. Fuller.) T he purpose of th is s tu d y  was to  in­
vestiga te  th e  reported  destruction  of ascorbic acid by certain  in testinal bacteria , 
an d  to  a tte m p t to  discover th e  m echanism  of th e  v itam in ’s destruction . Pure 
cultures of bacteria  were cu ltivated  in media containing ascorbic acid. I t  was 
found th a t, instead  of destroying ascorbic acid, the  bacteria  em ployed in th is 
study  ac tually  exerted a p ro tective  action which varied  directly  with th e  su it­
ab ility  of th e  medium  for bacteria l grow th, and with the  num bers of bacteria  
present. 1'he experim ental d a ta  suggest th a t  growing bacteria  m ay re ta rd  the  
ra te  of oxidation of ascorbic acid by a com bination of four factors, nam ely: 
(1) th e  form ation  of un-ionized copper complexes whereby th e  ca ta ly tic  action 
of copper is destroyed, (2) th e  production of carbon dioxide w ith th e  subsequent 
sa tu ration  of th e  m edium  with it, (3) the  lowering of th e  oxygen tension of the  
medium, and (4) the  lowering of th e  oxidation-reduction  poten tial of the  m edium .
Additional work has been carried  on using a miscellaneous group of forty-five 
different bacteria , m any of which m ay be present in foods. It was found th a t  
most of these organism s significantly re ta rd ed  th e  oxidation of ascorbic acid, 
especially when they  were grown in a m edium  contain ing  a readily  ferm entable  
carbohydrate. T hus it would appear th a t  bacteria  are  not of im portance in 
causing a loss of ascorbic acid  in foods.
Gum Production by A erobacter aerogenes. (G uy R. V itagliano and  Jam es
E. Fuller.) C ertain stra ins of Aerobacter aerogenes produce a great deal of viscous 
growth in certain  m edia, particu larly  those contain ing  sugars. Ropy m ilk m ay 
result from th e  growth of th is organism , and  it m ay cause sim ilar ropy ferm en­
tations of any sugar-containing substance. T he object of th is s tu d y  was to  
determ ine factors which would stim ulate  th e  organism  to  produce large qu an titie s  
of gum, in order th a t  th e  gum m ight be more easily studied.
Bacto try p to n e  and Bacto peptone were more su itable for q u a n tita tiv e  gum 
production th an  were am m onium  salts or a spartic  acid. Sucrose was th e  m ost 
suitable carbohydrate , bu t lactose and  dextrose also gave good results. G lycerol 
and m annitol yielded less sa tisfactory  q u an tities of gum . Sodium  chloride, 
calcium chloride, m agnesium  sulfate, and  dipotassium  phosphate  in com bination 
stim ulated gum production. T his s tu d y  will be subm itted  for publication  in 
detail.
R elationship of O nion Ju ice  to B acterial G row th. (Jam es E. Fu ller and E rnest 
R. Higgins.) In th e  course of some experim ents on dried vegetables a few years 
ago, it was observed th a t  dried onions e ither had a  very low' bacteria l con ten t or 
were entirely  sterile. Since th a t  tim e certain  investigators have reported  th a t  
onion vapors have bactericidal power. In th e  present s tu d y  several groups of 
organisms were tes ted  to  determ ine th e ir ab ility  to  grow in th e  presence of onion 
juice. Aerobacter aerogenes s tra ins were m ore resistan t th an  were stra in s  of 
Escherichia coli, while Staphylococcus aureus and  m em bers of th e  Bacillus subtilis 
group grew only in dilu te concentra tions of th e  juice. Salmonella and  Pseudo­
monas stra ins were qu ite  to le ran t to  th e  juice. Onion juice sterilized by  steam  
pressure was m uch less po ten t in p reventing  bacterial grow th th an  was juice 
sterilized by filtration th rough  a Seitz filter.
Bacteriological S tudy of C hocolate-F lavored Syrups and Cocoas. (R alph L. 
France, w ith W. S. M ueller.) T his study  is reported  by th e  D airy D epartm en t.
L aboratory Service. (R alph L. F rance.) Following is a list of th e  types and 
num bers of exam inations m ade during th e  past year.
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M ilk (bacteria c o u n ts ) ..........................................................  1,071
Ice Cream  (bacteria c o u n ts ) ...............................................  50
W a te r ........................................................................................... 106
M iscellaneous:
S trep tococci..........................................................................  18
T h ro at Sw abs.......................................................................  17
A naerobes..........................................................  2
S m ears.....................................................................................  2
T o ta l ...................................................................................  1,266
DEPARTMENT OF BOTANY 
A. Vincent Osmun in Charge
Effect of Soil Temperature on Gardenia. (L. H. Jones.) U nder the  title  “ Rela­
tion  of Soil T em perature  to  Chlorosis of G arden ia ,” previous work has been pub­
lished in Jour. Agr. Research 57:611-621 (1938). R ecent results show th a t  low 
soil tem pera tu res definitely favor th e  in itiation  of reproductive developm ent and 
th a t  high soil tem pera tu res favor vegetative developm ent. Bud development 
and blossoming are norm al as soil tem pera tu re  is raised, bu t abnorm al if it is 
lowered. Bud drop is a  sinister th rea t to  successful comm ercial cu ltu re  of garden­
ias. T he sudden dropping of buds appears to  be closely re la ted  to  previous condi­
tions ra th e r th an  to  conditions prevalent a t th e  tim e of falling. N either an in­
crease nor a  decrease in soil tem pera tu re  p revented  well-developed buds from 
falling from p lants th a t were chlorotic and  hard.
Root Temperature Effects in a Nutrient Solution. (L. H. Jones and G. E. 
O ’Brien. C ooperative with C hem istry.) T he fact th a t  ra te  of growth, size 
of leaf, and healthy  green color of th e  gardenia p lan t are  affected by th e  root 
tem p era tu re  raises th e  question of w hat precise factors are involved. Since 
tem p era tu re  governs th e  speed of reaction and  is not of itself the  reaction, it is 
of im portance to  s tu d y  th e  effect of tem p era tu res on all known reactions con­
cerned w ith root activ ity . For th e  present, it is deem ed advisable to  simplify 
th e  problem  by using n u trien t solution cu ltu re  of p lan ts instead  of a  complex 
soil environm ent for th e  roots.
T im e has been spent in perfecting a technique, in which soybean plants are 
used. I t  is now possible to  control th e  tem p era tu re  of th e  solution in which the 
roots are kept. The solution tem pera tu res used are  50°, 70“, and 90° F. Pre­
lim inary  results indicate th a t root tem pera tu re  affects th e  ra te  of transp ira tion  
an d  absorption  of w ater. P lan ts in a nu trien t solution a t the  low tem perature  
w ilted, th u s  definitely showing th e  depressing effect of low root tem pera ture  on 
absorp tion  of w ater. At th e  higher solution tem peratures, th e  ra te  of change of 
th e  pH  value of th e  solution increased, th is increase also being a ttr ib u tab le  to 
absorp tion  a c tiv ity . I t  will be of considerable in terest to  learn w hether there  are 
different tem p era tu re  levels a t  which all nu trien ts  m ay be absorbed and tran s­
located, or w hether each elem ent m ay require a different tem pera tu re  level.
Soilless Plant Culture. (L. H. Jones.) Considerable tim e has been given to 
problem s arising from a popular in terest in growing p lan ts in w ater or sand sup­
plied w ith inorganic nu trien t elem ents. From  conferences and correspondence, 
it was learned th a t im proper use of chem icals and the  purchase of wrong chemicals 
were th e  causes of m ost failures. In particu lar, m istakes were made in obtaining 
potassium  phosphate, which should be m onobasic (K H 2P 0 4), and iron sulfa te ,
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which should be ferrous su lfate  (copperas) with th e  form ula (F e S 0 4. 7 H 30 ) . 
D em onstration  of m ethods and technique and th e  supplying of inform ation have 
been services rendered in connection with an  increasing in te rest in th is subject.
Top and Bottom W atering of Plants in Clay Pots. (L. H. Jones.) T ests show 
th a t  p lan ts in clay pots on a m oist surface should be w atered  on to p . P lan ts 
deriving their m oisture solely from th e  m oist surface under th e  pot e ither died or 
failed to  grow. P lan ts in clay pots kept on a d ry  surface and  w atered on to p  m ade 
mediocre grow th, with small leaves and short internodes. T he practice of s ta n d ­
ing po tted  p lan ts in a pool of w ater for a  sho rt tim e is effective b u t risky , as th e  
sod m ay become w aterlogged. W ater should never be applied, if th e  soil is 
a lready  wet to  th e  touch.
Study of D iseases of Ornamental H erbaceous Plants Caused by Soil-Infesting  
Organisms, with Particular Attention to Control M easures. (W . L. D oran.) 
A fter sowing small seeds, it is a  good practice to  w ater th e  soil from  below by 
setting the  containers in to  shallow pans of w ater and rem oving them  as soon as 
th e  soil becomes sa tu ra ted . A soil fungicide m ay be applied a t  th e  sam e tim e. 
Both form aldehyde and  pyroligneous acid controlled dam ping-off and  im proved 
germ ination when applied in th is way, b u t th e  la tte r  was less effective.
\ \  hen the  soil has been previously disinfected by  chem icals, however, it m ay be 
less safe to  w ater it from  below th an  to  w ater it from  above in th e  usual way. 
W ater generously applied from above m ay rem ove some of th e  chem ical from th e  
soil, bu t th is does not happen to  th e  sam e ex ten t when soil is w atered from below.
Undiluted pyroligneous acid, 175 cc. per square foot, worked in to  th e  soil 
before seeding, gave sa tisfactory  control of dam ping-off and m arkedly  im proved 
germ ination and final stands of some species, b u t 200 cc. proved injurious. M ore 
use m ight well be m ade of pyroligneous acid as a  soil d isin fectan t by  those near 
enough to  its poin ts of m anufacture  to  keep down th e  cost of freight, for of course 
it contains m uch more w ater th an  does, for exam ple, com m ercial form aldehyde.
Form ic acid dusts containing 8 or 9 cc. of th e  acid per square foot, worked 
into soil im m ediately before seeding, gave fair contro l of dam ping-off an d  im ­
proved germ ination and  final s tands of some species w ithout in ju ry  to  grow th.
Crucifers were more susceptible to  in ju ry  by  salicylic acid th an  were m ost 
o ther p lants, and it does no t now appear th a t  th is m ateria l can safely be used 
with them , although there  a re  continued indications th a t  it m ay have a place in 
the  protection of some o th er species against damping-off.
Copper oxalate, in soil applications which were safe enough w ith slowly germ in­
ating  seeds of some woody plants, was injurious to  seeds of herbaceous p lan ts 
which germ inate rapidly.
A paper on work done under th is  pro ject was published during  th e  year as 
M assachusetts A gricultural E xperim ent S ta tion  Bulletin 351.
Damping-off and Growth of Seedlings and Cuttings of Woody Plants as Affected 
by Soil Treatments and Modifications of Environment. (W. L. D oran.) Red 
copper oxide, applied  to  th e  seeds of several species, did no t satisfactorily  p ro tec t 
them  against damping-off. Sulfuric acid, applied a t  th e  ra te  of 10 to  12 gm. per 
square foot of soil, im proved th e  germ ination of seven species of R hododendron.
U n trea ted  softwood cu ttings of some species rooted b e tte r  in a  sandy  soil, 
even when it was infested w ith dam ping-off fungi, th an  in clean sand, and  re­
ceived m ore benefit from  grow th substances when grown in soil th an  in sand. 
However, some species rooted well in sand, and o thers rooted b e tte r  in a sand- 
peat m ixture th an  in soil, w hether trea ted  or not. G row th substances did not 
im prove th e  rooting  of leafless hardwood cu ttings of deciduous-leaved p lan ts, and 
generally  failed to  induce rooting of softwood cu ttings of species which did not
30 MASS. E X P E R IM E N T  ST A TIO N  B U L L E T IN  355
root a t  all w ithout trea tm en t. W here growth substances proved beneficial, 
indolebutyric  acid generally produced more im provem ent th an  potassium  naph- 
thaleneace ta te  or naphthaleneacetic  acid, and the  la tte r seemed more likely to 
cause in jury . Indolebutyric  acid was beneficial to  more species th an  was any  of 
the  o ther substances used.
Response of cu ttings to  grow th substances m ay be affected by both th e  rooting 
m edium  and th e  tim e when cu ttings a re  taken . C uttings som etim es rooted 
so well and so rapid ly  w ithout trea tm en t th a t  they  rooted no b e tte r  with it. 
A lthough indolebutyric  acid hastened th e  rooting of cu ttings of some species 
when taken  on certain  dates, it m ade no difference in th e  num ber which ultim ately  
rooted. As more becomes known abou t th e  optim um  tim e for tak in g  cuttings of 
various species and  th e  factors which affect it, there  may be less need for t re a t­
m ent w ith grow th substances, b u t th ey  will continue to  be useful when it is nec­
essary to  tak e  cu ttings a t  o ther tim es.
T he rooting  of softwood cu ttings of a num ber of species was not im proved by 
potassium  perm anganate  or by sucrose. T rea tm en t of hardwood cu ttings of 
conifers with acetic  acid or with formic acid was equally ineffective. A hot water 
trea tm e n t which app aren tly  som ewhat hastened th e  rooting  of cu ttings of one 
species was w ithout effect on ano ther.
Chemical Soil Surface Treatments in H otbeds for Controlling Damping-Off 
of Early Forcing Vegetables. (W. L. Doran and E. F . G uba, W altham .) Form alde­
hyde, dilu ted  so th a t 1 q u a rt of the  solution per square foot supplied from 3 to  5 cc., 
was applied to  th e  surface of soil a fte r seeding. Pepper and  beet w’ere not injured 
by  5 cc., and 4 cc. was harm less to  celery and onion and  to  some, bu t not all, orna­
m entals. Cress was in jured  by 3 cc., and 4.9 cc. (one teaspoonful) interfered with 
th e  germ ination of th e  seeds of all crucifers used, bu t did not h u rt lettuce  and beet. 
G erm ination and  final stands of all species not chem ically injured were much 
im proved by 3 to  5 cc., and  damping-off was well controlled by  3.7 cc. (three- 
fourths of a  teaspoonful). None of these trea tm en ts  injured grow’th  of anything 
b u t crucifers. W hen th e  pots or flats of soil were tig h tly  covered with glass or 
wet paper a fte r trea tm en t, there  was a little  more injury’ to  th e  germ ination of 
some species th an  when th e  soil was not covered.
V inegar, 215 cc. in 1 q u art of w ater per square foot of soil surface, applied after 
seeding, did not injure germ ination of beet, lettuce , or eggplant and prevented 
m ost dam ping-off; bu t 230 cc. sim ilarly applied was less safe.
Pyroligneous acid, 140 or 160 cc. in 1 q u art of w ater per square foot, applied 
to  soil a fte r seeding, im proved germ ination and final stands of lettuce, pepper, 
and  cress; and 175 cc. m arkedly im proved germ ination and final stands of tom ato 
and cauliflower w ithout injury’ to  their growth.
T he d ry  chem ical seed trea tm en ts  —  red copper oxide, Semesan, and zinc 
oxide —  insure good control of the  pre-em ergence phase of damping-off, but 
serious incidence of the  disease in the  post-emergence phases of growth of the 
seedlings is frequent.
Solutions of form aldehyde 1:200 to  1:600, acetic acid 1:300 to  1:500, Seidorin 
1:800 and  1:1000, and L arvacide 1:800 to  1:1200 were applied, a fte r seeding, to  
soil in ground beds a t th e  ra te  of 1 gallon to  5 square feet. Seidorin and  Larvacide 
emulsions, which contain 45 and  70 percent chloropicrin respectively, caused so 
m uch discom fort to  workers th a t they  m ay not be considered practical although 
they' showed fungicidal value. Acetic acid 1:400 gave b e tte r results than  form alde­
hyde 1:400 with beet, chicory, eggplant, lettuce, pepper, and radish, and  equally 
good results with cabbage and tom ato.
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M iscellaneous T ests and Experiments. (E . F . G uba and C. J . G ilgut, W altham .)
1. A pple  Scab Control. Five brands of w ettable sulfur, ranging from  30 to
98.5 percent sulfur and varying from  6-7 m icrons to  45-50 m icrons in m axim um  
particle  size, were com pared on an  equivalent sulfur basis determ ined from Kolo- 
fog, a product contain ing  30 percent sulfur. Delicious and  M cIntosh  varie ties 
were used in th e  experim ent, and the  sulfur sprays were applied six tim es from 
April 25 to  Ju n e  2, using abou t 300 pounds pressure.
All the  m aterials gave good control of scab. In each row of Delicious yielding 
apples, there  was no russeting of the  fru it so prevalen t th roughou t the  S ta te  th is 
season. In m arked co n trast to  th e  results of the  previous season, which showed 
a significantly superior fungicidal influence of sulfur of small m axim um  particle  
size, the  different b rands of sulfur offered no striking con trasts  in the  contro l of 
scab. All of the  foliage of an unsprayed seedling in th is orchard , representing  
the  check on the  te s t, was bad ly  scabbed.
2. Copper Sprays fo r Cucumber, M uskmelon, and Tomato. All the  com m er­
cial brands of copper fungicides were used on an approxim ately  equal copper 
basis com parable to  Bordeaux 4-4-50. Between Ju ly  6 and  Septem ber 4, eight 
trea tm en ts  were applied w ith a power sprayer (pressure 250-300 pounds) and  a 
two-nozzle spray  rod. T he unsprayed  plots of cucum ber and melon were bad ly  
infested with downy mildew and  the  yield was significantly reduced. T here  was 
no disease in the  tom ato  p lan ting ; hence th e  value of th e  various fungicides could 
not be determ ined for tom atoes. T he check p lo ts of tom atoes yielded as well 
as the  best trea tm en t. T he m erit of these fungicides on the  basis of th is season’s 
tests is shown in th e  accom panying tab le  by  a num erical ran k  determ ined from 
yield.
Fungicide R atin g  of F ungicide on —
C ucum ber M uskm elon
Dow B ordow ................................................................  1 1
Copper Oxychloride A ..............................................  1 2
Bordeaux 3-3-50.......................................................... 1 4
B ordeaux 4-4-50..............   1 4
C u p ro -K ......................................................................... 2 3
C oprote D u s t...............................................................  2 6
Copper Z eolite .............................................................  3 2
B asi-C op......................................................................... 4 1
B urgundy 1-1 J^ -5 0 ....................................................  4 3
Copper H ydro  4 0 ........................................................ 4 4
B ordeaux 2-2-50*........................................................  4 5
Cuprocide 5 4 ................................................................  5 2
B ordeaux 1-1-50*........................................................  5 5
C oposil............................................................................  6 4
Check**........................................................................... 6 6
B order* ...........................................................................  7 7
♦A verage of 2 rows.
**A verage of 3 rows.
Control of G reenhouse Vegetable D iseases. (E . F . G uba, W altham .) Since 
th e  previous report, leaf m old re sistan t lines of to m ato  from  hybrids of a  previous 
cross were hybridized a  th ird  tim e w ith th e  W altham  Field S ta tion  Forcing tom ato . 
T he F 2 generation  of th is last cross, now growing, shows satisfactory  qualities 
for com m ercial cu lture. A rrangem ents have been m ade w ith m any greenhouse 
to m ato  growers for growing th is new leaf mold resistan t to m ato  during  th e  1939
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spring cropping season in comparison with their usual varieties, which are  sus­
ceptible to  leaf mold, and as a  source of seed for large-scale growing in th e  critica l 
fall cropping season, should th e  tom ato  prove acceptable. T he new leaf mold 
resistan t to m ato  has been nam ed Bay State.
Carnation Blight Caused by Alternaria dianthi S. & H . (E. F . G uba, W altham .) 
No results to  report.
In cooperation w ith Prof. H. E . W hite, F loriculture, th e  behavior of varieties- 
of carnation  to  branch ro t and wilt caused by th e  fungus Fusarium  dianthi Prill. 
& Delacr., a serious parallel problem , has been noted. N um erous crosses among 
re sistan t varieties, and  betw een resistan t varie ties and W ard, have been made 
in an effort to  combine disease resistance w ith desirable quality  and  color.
D iseases of Trees in M assachusetts. (M . A. M cKenzie and A. Vincent Osmun.) 
Field and laboratory  studies of tree  diseases during  1938 accorded special a tte n ­
tion  to  th e  condition of elms, particu larly  w hether th e  D utch  elm disease was 
present in M assachusetts. T hus far no elms in th e  S ta te  have been found to 
be affected by th e  D utch  elm disease, bu t th e  progressive spread of infection to 
a point abou t ten  miles from th e  southw estern corner of th e  S ta te  is cause for 
serious alarm . T his situation , in connection with th e  fact th a t th e  known insect 
carriers of th e  disease are present in th e  direct p a th  of its advance in New \  ork 
tow ard  th e  western p a rt of M assachusetts, creates a serious problem . T he im­
portance of tim ely  and adequate  action cannot be em phasized too strongly. 
F o rtu n a te ly  M assachusetts is in a position to  profit by  th e  fundam ental progress 
m ade elsewhere in th e  operation of pro tective program s. In spite of the  fact 
th a t  an increased num ber of diseased trees has been found during th e  past year 
in some infested areas, there  are  in all cases encouraging indications th a t the 
eradication  program  is m eeting w ith success in th e  face of m any obstacles. The 
disease is now so close to  M assachusetts, and th e  op p o rtu n ity  for its spread within 
th e  S ta te  so significant, th a t  concerted effort is urgen tly  needed.
D uring the  past four years the  Shade T ree  L abora tory  has received more than  
6,700 specimens for diagnosis re la tive  to  disease. In 1938, labora tory  studies of 
more th an  1,000 specimens, including collections by four field men, were com­
pleted by m icroscopical and cu ltu ral m ethods. D uring th e  year 69 diseases of 
34 hosts, including 12 diseases of elm, were studied.
P articu lar a tten tio n  was given to  th e  study  of those elm diseases which are 
d istinguishable from th e  D utch  elm disease only by  cu ltu ra l m ethods. Experi­
m ents on po tted  elms inoculated w ith vascular fungus parasites have been con­
tinued  in th e  greenhouse. A m anuscrip t on “ C ephalosporium  Elm  W ilt in 
M assachusetts” has been prepared, w ith Miss Eunice M . Johnson, In stitu tional 
Fellow in B otany, as senior au tho r. O ther publications in connection with the 
wrork on shade tree  diseases during  th e  year include: “ C om bat th e  Elm  Disease 
and  “ Diseases of N ursery  P lan ts” in Am erican N urserym an; “ Willow Scab 
(m im eographed); “ R epair of H urricane Dam aged T rees,” Extension Circular;, 
and  “ Dealing with Storm  D am age in C entral M assachusetts” in Proceedings 
Eastern Shade Tree Conference, New Y ork B otanic G ardens, Decem ber 8-9, 1938.
T he serious dam age to  trees during th e  hurricane of Septem ber 21, a t  which 
tim e approxim ately  100,000,000 trees were destroyed in M assachusetts, created 
m ultitud inous problem s in shade tree  m anagem ent th roughout w idespread areas 
of th e  S ta te . Evergreens, especially w hite pines, near th e  coast were seriously 
injured bo th  by flooding caused by th e  abnorm ally  high tides and by salt spray. 
W^eather conditions of th e  past sum m er were favorable for a disease known a s  
“ needle-blight” of w hite pines, and the  discoloring effect of salt carried by  the
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hurricane m aterially  added to  th e  confusion associated with th is disease. T he 
reddish discoloration of new grow th is th e  chief characteris tic  of th e  disease.
O ther serious problem s arising from the  hurricane in m atte rs  relating  to  tree 
diseases and  th e ir carrier insects m ay dem and a tten tio n  during  th e  next growing 
season. Especially, the  danger of a  m aterial increase in th e  b a rk  beetles which 
carry  th e  causal fungus of th e  D utch elm disease m ust not be overlooked in view 
of th e  favorable beetle breeding conditions created  by large q u an titie s  of stored 
elm wood from  which the  b a rk  has not been rem oved.
DEPARTM ENT o f  c h e m i s t r y  
W. S . Ritchie in Charge
Cooperative Analytical Service. (The D epartm en t.) Chem ical sendee to  o u t­
side agencies was not extensive and involved only a com parison of the  m anganese 
content of four chick feeds, th e  de term ination  of copper in tw o soils, and  th e  
analysis of a  m ineral lick and  tw o brine solutions.
Testing Analytical M ethods. (The D epartm en t.) T he perfection of m ethods 
of analysis is an  im portan t pro ject and  th is  w ork has been carried on especially 
with zinc, since th e  labora to ry  has been acting  as an  associate referee fo. zinc, 
cooperating w ith th e  A. O. A. C. T he m ethod was reported  in th e  M ay 1938 
issue of th e  journal of th e  above organization. T his m ethod shows practically  
complete recovery of zinc betw een 5 and  25 gam m as. F o r larger am o u n ts of 
zinc, sm aller a liquo ts are  recom m ended ra th e r th an  a developm ent of a different 
procedure. T his m ethod was studied  with solutions of th e  ash of various food­
stuffs, obtained for o ther projects, to  which had been added  known am o u n ts of 
zinc. W hile th e  m ethod seems practical and  gives accu rate  results, it was deem ed 
advisable to  study  th e  reaction of solutions of pure sa lts of various, and  possibly 
interfering, m etals w ith th e  carbam ate  and  dithizone reagents. Solutions of th e  
following m etals (as chlorides) were com pared w ith these reagents singly and 
(in a few cases) in various com binations: alum inum , an tim ony, beryllium , bism uth 
cadm ium , cerium , chrom ium , cobalt, copper, gold, iron, lead, m anganese, m er­
cury, nickel, palladium , p latinum , silver, thallium , thorium , tin , uranium , v a n ­
adium , zinc, an d  zirconium . T he results obtained confirmed th e  belief th a t  th e  
proposed m ethod was applicable for m ost foodstuffs.
A m ethod for th e  determ ination  of boron, by titra tio n  using tw o indicators 
(m ethyl red and  phenolphthalin) has proved workable b u t som ew hat difficult 
because of th e  low boron conten t of m ost foods.
The Iron, Copper, M anganese, and Iodine Content of Fruits and Vegetables.
(E. B. H olland, C. P. Jones, and W . S. R itchie.) For some tim e, evidence has 
been accum ulating  in th e  scientific lite ra tu re , th a t  th e  so-called m inor elem ents 
play a m uch more im p o rtan t role in n u trition  and health  th an  has been heretofore 
suspected. Perhaps m any  of th e  difficulties of bo th  m an and  an im al m ay be 
laid to  a lack of one or m ore of these elem ents. I t  seemed im p ortan t, therefore 
th a t th e  inform ation  regarding these elem ents in fruits, vegetables, and  cereal 
products used for hum an and  an im al foods be brought up to  da te , using the 
more im proved m ethods of analysis.
S ix ty-th ree  sam ples were added  to  th e  several hundred a lready  under inspec­
tion. Some of these cam e from  th e  W altham  Field S ta tion , o thers from  th e  
m arket gardeners of eastern  M assachusetts and  were produced under different 
cu ltu ra l practices of fertilization and  on various types of soil. T he sample^ showed 
an  appreciab le  range of ash constituen ts and  th e  more prom inent food groups 
(by proxim ate analysis).
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O ther sam ples were obtained from th e  W altham  Field S ta tion  to  determ ine 
w hat, if any , is th e  residual effect of previous applications of iron, copper, m an­
ganese, and iodine. These sam ples included greenhouse tom atoes and  celery.
“ D ark  C enter” in tu rn ip s and “ cracked” celery have apparen tly  been shown 
to  be th e  result of a deficiency of boron in th e  soil though th e  condition is rem edied 
by  small applications. Fertiliza tion  experim ents conducted a t  th e  W altham  
Field S tation , to  determ ine th e  location of th e  boron in th e  p lan t and therefore 
perhaps its function as well as the  residual effects, produced 30 sam ples for th is  
p ro ject. A t th e  present tim e th ere  is some feeling th a t  th e  residual effects of 
boron rem aining in th e  soil m ay be harm ful. T hree sam ples of soil have been 
tak en  to  determ ine w hether or not there  is an appreciable accum ulation.
T he collection of these sam ples as well as th e ir analysis is practically  com plete 
and th is inform ation will be available soon and , it is believed, useful.
Lignin and Its Relation to the Absorption of M inerals by Plants. (Em m ett 
B ennett.) In  order to  determ ine th e  effect of th e  decom position products of 
lignin, th is substance was m ixed w ith soils of high and low content of organic 
m atte r, in th e  ra tio  of one to  ten  by  weight, and  allowed to  decompose. Con­
du c tiv ity  and surface tension m easurem ents will be m ade a fte r changes have had 
tim e to  occur.
T he electrodialysis of lignin in a  M attson  cell produced diffusates different 
in color and odor. T he anode diffusate was dark  brown in color and had a pleas­
a n t odor, while th e  cathode diffusate was practically  colorless and  had a fishy 
odor.
These differences together w ith positive q u a lita tiv e  tes ts  for lignin in the  anode 
diffusate suggested a p artia l separation  of th is m aterial. These observations would 
seem to  indicate th a t  lignin was more soluble th an  is generally supposed, and th a t 
it consisted of some acidic fractions — all of which would give us a b e tte r under­
stand ing  of its  chem ical n a tu re  and  its action on th e  soil.
Precursors of L ignin. In terest in th e  general chem istry  of lignin and its inter­
rela tionsh ip  w ith o ther p lan t constituen ts, has come abou t because of the  part 
th is  substance plays in th e  grow th, nu trition , and decom position of farm  crops. 
T his investigation was designed to  gain a b e tte r  understand ing  of th e  form ation 
of lignin in th e  p lant.
Pectin has been suggested as a possible p aren t substance, principally because 
it has been shown th a t  so-called lignified tissues contain relatively  large am ounts 
of lignin and  hemicelluloses, w ith only traces of pectin. On th e  o ther hand non- 
lignified tissues contain relatively large am ounts of pectin , small am ounts of 
hemicelluloses, and only traces of lignin. A tw o-year study  of the  seasonal varia­
tions in con ten t of pectin, hemicelluloses, and  lignin was conducted with a legume 
(red clover, Trifolium  pratense) and  a grass (K entucky  blue grass, Poa pratensis), 
taken  a t  successive stages of grow th.
Seasonal trends of bo th  p lan ts indicated  th a t  th e  content of pectin was rel­
a tive ly  constan t, while th a t  of th e  hemicelluloses and lignin increased. In mature- 
red clover th e  con ten t of these constituen ts was of approxim ately th e  same 
general order, while in m ature  K entucky  blue grass a trace  of pectin was asso­
cia ted  w ith tw enty-five tim es as m uch hemicelluloses and eight tim es as much 
lignin. A relationship  betw een these substances was not ap paren t in either 
p lan t. T he seasonal varia tions, however, showed th a t th e  same content of lignin 
in different p lan ts m ay be associated w ith variable quan tities of pectin, and th a t  
the  presence of a trace  of th is substance does not necessarily signify th a t  a tran s­
form ation has occurred. I t  seems, therefore, th a t  differences in the  proportion 
of pectin, hemicelluloses, and  lignin in different p lan ts are probably due to  v a ria ­
tions in cell stru c tu re  ra th e r th an  to  transform ation .
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The Effect of Storage anti Processing on the Carbohydrates of Som e Varieties 
of Edible Onions. (E m m ett B ennett.) Onion storage is of v ita l in terest to the  
grower because it is often accom panied by considerable losses. Before ideal 
storage conditions can be defined, it is necessary to  determ ine the  n a tu re  of these 
losses and  ascertain  th e  effect of different storage conditions.
C onsistent w ith th is plan “ seed” (Yellow Globe D anvers) and  “ se t” (Ebenezer) 
onions were stored  in a warm  dry  room, in a basem ent, and in a  comm ercial 
storage, from  O ctober 14 to  F eb ru ary  14. These storages will be referred to  here­
after as A, B, and C respectively. Storage A represented re la tively  high tem p era ­
tures and low relative hum id ity ; C, re la tively  low tem p era tu res  and  high re la tive  
hum idity; and B, conditions in term ediate  betw een A and  C. Before and  a fte r 
storage represen tative  sam ples of bo th  “ seed” an d  “ se t” onions were analyzed 
to note changes in com position.
The following results were ob tained  from  th e  crop of 1937. Before storage, 
“seed” and “ se t” onions consisted of approxim ately  11 percent of d ry  n a t t e r ,  
which was principally sugars. R educing sugars were dom inant in th e  “ seed” 
and sucrose in th e  “ se t” .
The “ seed” in storages A and B had e ither sprou ted  or ro tte d  so bad ly  th a t  th e  
shrinkage was not recorded. Those in storage C sh ru n k  12 percent. No m ark e t­
able onions were obtained from storage A, while 15 percent were ob tained  from  B 
and 56 percent from  C. T he “ se t” onions from  storages A, B, and  C shrunk  
24, 13, and 6 percent respectively, and  yielded 43, 73, and  88 percent of m ark e t­
able onions. T he greater percentage of m arketab le  “ se t” onions was probably  
due to  th e ir g reater m atu rity . T he analyses indicated  th a t  approx im ately  one- 
eighth of th e  to ta l sugars was lost regardless of storage.
Since a  considerable q u a n tity  of onions are  consum ed in boiled form, changes 
effected by boiling were also determ ined. T his trea tm e n t caused a loss of to ta l 
sugars slightly  g reater th an  th a t  recorded in storage.
These d a ta  indicate th e  following:
1. Sucrose is th e  storage product of th e  Ebenezer onion.
2. The chief losses in storage were from  ro ttin g  and  sprouting.
3. R elatively low tem p era tu res and  high re la tive  hum id ity  re ta rd ed  th e  
above losses.
4. T he different conditions of storage em ployed caused no significant loss 
in the content of to ta l sugar in th e  Ebenezer onion which did not ro t or sprou t.
Investigations of Some Physical and Chemical Properties of M osaic Viruses.
(Monroe E. Freem an.) M osaic diseases of p lan ts cause severe losses in m any 
crops of economic im portance in M assachusetts . I t  was recen tly  shown th a t  
tobacco mosaic is caused by a v irus of pro tein  n a tu re . A dditional evidence 
indicates th a t  m any o th er m osaic diseases a re  caused by sim ilar agents. N o t 
much is known, however, abou t their behavior or properties. T his s tu d y  has 
been undertaken  in th e  expectation  th a t  such knowledge m ay be of assistance 
in devising m ethods to  control these diseases.
The virus in juice from infected p lan ts rem ains active, in some cases, for long 
periods of tim e; in o th er cases, for only a few hours. T h is p roperty , longevity  
in vitro , is different in different viruses and is used as a  m eans of identification. 
Why th e  v irus loses its infectious ab ility  under these conditions or why th e  v iruses 
differ so m arkedly  in th is  respect is not known. Since oxidation m ay play  a 
prom inent role, a  s tu d y  of th is possibility has been undertaken  by  m easuring 
the effect of acid ity  and  oxidation po ten tial on tw o viruses of th e  po ta to  mosaic 
group. T he acid ity  ranges of stab ility  and  inactivation  were determ ined for th e  
viruses of p o ta to  rugose mosaic. T he tw o react quite  differently and th is  affords 
a  very sim ple m eans of separation . F ive acids and tw o bases gave essentially  th e
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sam e results. Reliable m easurem ents of th e  oxidation po ten tial of crude juice 
could be obtained only in a nitrogen atm osphere afte r several hours; owing, 
probably , to  th e  reaction of some juice com ponents w ith atm ospheric oxygen. 
A fter a  partia l clarification of the  juice, oxidation potentials could be quickly 
and easily determ ined. W hen rugose juice was so trea ted  and ad ju s ted  to  a low 
oxidation po ten tial by cysteine, its longevity in v itro  was increased.
Chemical Changes in Cooking of Vegetables. (M onroe E. Freem an and  W. S. 
R itchie.) An im portan t factor of cooking quality  of potatoes and  consumer 
preference is th e  tex tu re  of the  cooked tu b er. Potatoes baked under uniform 
conditions a re  m ealy or waxy depending on v a rie ty  and  cu ltu ral conditions. The 
cause of these differences in tex tu re  is not known. Two theories a t  least have 
been proposed b u t no t experim entally  verified. T his s tu d y  will a tte m p t to de­
term ine th e  cause of differences in tex tu re , because such knowledge should m a­
terially  aid  efforts to  m eet consum er dem and.
One characteristic  of m ealy potatoes is th e  separation  of the  cells in cooked 
tissue. Since th is m ay be caused by weakness of th e  in tercellular b inding m aterial, 
one theo ry  suggests th a t  there  m ay be a relation betw een the  pectic materials 
and tex ture. The loss of pectin th rough  enzym atic  action during the  preparation 
of sam ples was m inimized by steam ing and by dipping raw  slices in boiling 
ethanol. However, it was noted th a t any heat trea tm en t a ltered  the  distribution 
of th e  pectin fractions. T he analysis of 10 lots of potatoes for to ta l pectin, 
calcium  pectate, pro to  pectin , and w ater soluble pectins did no t reveal any rela­
tion  betw een these fractions and tex tu re . N early all th e  pectin was found in 
th e  ho t w ater fraction. Therefore, th is fraction was, in tu rn , fractionated  under 
conditions designed to  remove only a portion of th e  to ta l pectin. If th e  theoretical 
relation  does exist, the  m ealy potatoes should yield a larger proportion of the  total 
pectin . Ten baked sam ples and  two uncooked sam ples did no t support this 
idea. On th e  o th er hand, eight uncooked sam ples did. T he evidence is not con­
clusive, b u t th e  experience w ith th e  eight raw  sam ples seemed to  w arran t further 
tes ts  which are  now in progress on twelve new samples.
T he storage of potatoes a t  higher tem pera tu res m ay resu lt in rapid changes 
in th e  pectins accom panied by spoilage. T he storage of four varieties for four 
and  six m onths ju st below 40° F. allowed little , if any , change in pectin and 
m aintained th e  tu bers in good physical condition un til la te  spring. Sugars, 
however, accum ulated  to  an undesirable extent.
Baked m ealy potatoes have a  d ry  crum bly  appearance, while waxy potatoes 
look wet and soggy. T he loss of w ater during baking, however, m ay be almost 
th e  sam e. T his observation has led to  th e  theory  th a t  th e  particles in mealy 
tissue have absorbed or bound the  w ater natu ra lly  present to  a  greater extent 
th an  in th e  waxy potatoes. T he m ethod for determ ining bound w ater proposed 
by  D um anski seemed to  be particu larly  suited  for th is ty p e  of m aterial. Since 
th is  is a relatively  new m ethod, prelim inary tes ts  were necessary and clearly 
showed th a t  extrem ely accu rate  m easurem ents of refractive indices were nec­
essary  in order to  obtain only a fair degree of accuracy in th e  final results. \ \  hen 
e thano l was used instead  of sucrose in th is m ethod negative values for bound 
w ater resulted. A pparently , th e  e thanol was m ore readily  absorbed by the 
p o ta to  tissue th an  th e  w ater. Sucrose proved satisfactory  a fte r careful standard i­
zation of the  refractom eter. T he am oun t of w ater bound by one gram  of dry 
p o ta to  seemed to  be fairly  constan t over a  wide range of sucrose concentrations.
For th e  purpose of studying  changes, if any , due to  storage and cooking, peas 
were preserved by canning and  freezing in th e  fall of 1937. Peas obtained in the 
pod from th e  sam e field producing those  which were canned and frozen were 
shelled and half of them  dried a t  low tem pera tu res w ithout cooking. The other
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half was cooked and  th en  dried. At in tervals of ninety days for th ree  hundred 
and  six ty  days, sam ples of both canned and frozen peas were brought ou t of 
storage. H alf of each sam ple was dried a t  low tem p era tu res while th e  second 
half was dried a fte r cooking as indicated above.
R esults ob tained  from  th e  proxim ate analysis gave only general inform ation 
regarding these sam ples. T he am oun ts of m oisture, nitrogen, e th e r soluble 
m aterial, and  crude fiber did not v a ry  a g reat deal. T he percentages of n itrogen 
were som ew hat lower in th e  canned product, e ither raw  or cooked; b u t these 
differences W'ere not to  be regarded as really  significant. F o r th e  purpose of th is 
problem, cooking w aters were not included in th e  w ork being reported  here. 
Since it is probably a  home practice to  keep cooking w aters th is m ay account for 
these differences. An unexplained fact is th a t  th e  ash con ten t of th e  sam ples 
after storage, e ither in cans or frozen, was higher th an  in th e  original sam ple. 
This cannot be a difference in th e  sam ples as th ey  had th e  sam e origin.
The second m ethod of analysis (H orw itt, Cowgill and  M endel) considered 
soluble nitrogen, insoluble residue and  th e  insoluble ash , using H 20 , N /1 0  HC1,
0.50 percent N a.,C O s , N /1 0  H C l+ 2 0 m g s . pepsin, and  0 .5 0 percent N a 2C 0 8 + 5 0  
mgs. trypsin  as solvents. I t  was in teresting  to  note th a t  in th e  uncooked sam ples, 
either canned or frozen, th e  first th ree  solvents (H 20 , N /1 0  HC1, and 0.5 percent 
N a 2COs ) gave m uch higher resu lts th an  th e  cooked ones. W hen th e  acid and  
carbonate were used with th e  enzym es, th e  n itrogen of th e  cooked sam ples was 
the more soluble (or digestible) in all bu t five ou t of eighteen sam ples. T he dif­
ferences in these five sam ples were not large enough to  be significant.
The residue insoluble in these solvents, as well as th e  ash insoluble in them , 
was higher in th e  cooked th an  in th e  raw  sam ples regardless of storage. If sol­
ubility m eans digestibility , th is  would indicate th a t  a  larger am o u n t of th e  organic 
and inorganic residue is availab le  in these raw  sam ples.
This study  is to  be th e  basis for fu rth er work w ith o ther kinds of foods.
Changes in M eat Stored in Frozen Condition. (W. S. R itchie.) T he sam ples 
originated with feeding tria ls a t  Purdue U niversity , in which a s tan d ard  corn 
ration (corn and tankage) was fed to  hogs an d  com pared w ith one where th e  
corn was replaced by hom iny. Sam ples vcere m ade available as follows:
1. Im m ediately  a fte r  slaughtering.
2. A fter th e  custom ary storage for ten  days.
3. A fter being stored frozen for th ree  m onths.
4. A fter being stored frozen for six m onths.
5. A fter being stored frozen for nine m onths.
The sam ples were frozen and  stored  by th e  Birds E ye F rosted  Foods, of Boston, 
and sent to  th is labora to ry  a t in tervals of th ree , six and nine m onths.
In order to  indicate and  perhaps evaluate  any  changes e ither in th e ir chem ical 
composition or in th e ir n u tritiv e  value, th e  sam ples were all subjected  to  th e  sam e 
procedures of chem ical analysis, v itam in bio-assays (B j and  G), and such o th er 
determ inations as m ight th row  light no t only on th e  value of th e  p roduct as a 
food bu t on an y  possible changes occurring during  th e  long period of storage.
Lean, raw  pork  has been found to  be a  good source of th e  an tin eu ritic  factor, B x . 
The control sam ples, sent to  th e  labora to ry  im m ediately a fte r th e  slaughtering  
of the  anim als contained 3.8 in te rnational un its  of B j  per gram  for th e  corn 
ration and 5.9 un its  for th e  hom iny ra tion . A fter nine m onths of storage these 
values rem ained practically  unchanged (4.0 and 6.0 un its  respectively).
As a source of v itam in  B 2 (G), lean pork  seems to  have m uch th e  sam e value 
as lean beef, a fair source. T he original sam ples of th e  pork contained 2.1 and  1.8 
B ourquin-Sherm an units per gram  for th e  corn and hom iny ra tions respectively. 
After six m onths of storage, th e  sam ples had not changed in any significant
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am ount. A fter nine m onths, bo th  samples showed an  increase in B., (G) which, 
however, cannot be regarded as significant.
T he general composition of th e  samples did not m aterially  change during  th e  
long storage, a t  least if to ta l m oisture, ash, nitrogen, and e ther ex tract a re  the  
basis of judgm ent. However, th e  nitrogen d istribution  changed in th a t  globulin 
decreased, while th e  album in increased. Globulin in th is case was taken  as th a t 
nitrogenous com pound precip ita ted  from  a  10 percent NaCl ex tract of th e  m eat 
on sa tu ratio n  w ith NaCl. A lbum in was th a t  protein, p recip ita ted  by  heat and 
CCI3COOH (2.5 percent) from  th e  filtrate  of th e  globulin determ ination .
A pplying th e  technique of M itchell and  his co-workers for determ ining ten ­
derness, collagen nitrogen showed a decrease of 20 percent in six m onths, while the 
e lastin  showed a sim ilar tren d . T his would seem to  indicate an increase in ten ­
derness w ith aging (or storage).
D igestibility , as m easured either by feeding tria ls w ith w hite ra ts  or by the 
“ in v itro ” m ethod of H orw itt, Cowgill, and  M endel, showed no change during 
th e  period of storage. These tw o m ethods of determ ining d igestibility  gave very 
closely agreeing results.
T he n u tritiv e  value of the  protein or its value for grow th prom otion in white 
ra ts , as expressed in term s of gram s gained in weight per gram  of protein eaten, 
rem ained ra th e r constan t th roughou t th e  en tire  period, and  agreed very well 
w ith figures published by o ther workers. T he average figure for th e  m eat from 
corn-fed hogs was 2.53 and from th e  hom iny-fed hogs, 2.18.
The Vitamin A Content of Pasture G rasses. (W. S. Ritchie, J . G. Archibald, 
and  Wm. Esselen, J r . C ooperative w ith A nim al H usbandry .) D uring th e  seasons 
of 1936 and  1937 sam ples of Rhode Island b en t grass, sheep fescue, orchard grass, 
K entucky  blue grass, tim o thy , sweet vernal, and  red to p  were assayed for their 
v itam in  A conten t. T he grasses were grown on b o th  fertilized and  unfertilized 
plots.
T he w ork of 1938 repeated  th a t  for 1937 in order to  com plete as nearly as 
possible th e  sam ples from  bo th  p lots during th e  sam e p a rt of th e  growing season. 
Alm ost w ithout exception, th e  values obtained were higher in 1938 th an  in 1936 
or 1937, regardless of trea tm en t, in some cases as m uch as tw o or th ree  hundred 
percent. T here  seems to  be no reason for th is though perhaps it is significant 
th a t  th e  rainfall in 1938 from M ay to  October (inc.) was 38.79 inches, while for 
th e  sam e period in 1937 it was 27.17 inches, and in 1936, 20.30 inches.
I t  was again dem onstra ted  th a t  th e  v itam in  con ten t was higher in grasses from 
th e  fertilized p lots th an  in those grown on unfertilized plots. Seasonal variations 
again did not seem to  be as g reat as those produced by  fertilization.
The Nutritive Value of Chocolate M ilks. (W illiam M ueller and W. S. Ritchie.) 
T he am ount of lead in food has become of such im portance th a t  a tolerance has 
been established. N ine sam ples of chocolate and  cocoa varied from  1.4 to 5.0 
p.p.m . in th e ir lead con ten t. These am ounts do not seem im portan t since the 
q u a n tity  of chocolate or cocoa used in th e  preparation  of these drinks is not large.
THE CRANBERRY STATION  
East Wareham. M assachusetts 
H. J. Franklin in Charge
Injurious and Beneficial Insects Affecting the Cranberry. (H. J. Franklin .) 
Fire Beetle (Cryptocephalus incertus O liv.). T hirteen  cranberry  bogs, located 
in Bourne, Carlisle, C arver, Lakeville, M iddleboro, Rochester, Scituate, and
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W areham , were seriously affected by th is insect in th e  sum m er of 1938, th e  
infested a reas com prising ab o u t 110 acres in all. T he ne t-counts of th e  beetles 
on these bogs ranged from  33 to  875 to  50 sweeps. All th e  infestations were on 
th e  Howes v a rie ty , except one on Holliston and one on E arly  Black. T he beetles 
did not app ear in full num bers un til th e  m iddle of A ugust, even on bogs from  
which th e  w inter w ater had been let off early  in April.
D erris applied  in various ways bo th  in sprays and  as d u sts failed to  effect a 
good kill of th e  beetles. Zinc arsenate, 2 pounds to  100 gallons of w ater, 250 
gallons to  th e  acre, failed to  give a good kill, possibly because of heavy  ra ins a 
few hours a fte r  th e  trea tm en t.
As in 1936 and  1937, a rsenate  of lead was very  effective. E viden tly  3 pounds of 
th is poison (dry) to  100 gallons of w ater, 250 gallons to  th e  acre, is ab o u t th e  
right spray  for th is insect. If it is applied in the  m iddle of August (when 
it will be m ost effective) and th e  berries are  no t picked before O ctober, th e  lead 
and arsenic trioxide residues on th e  fru it should not be above th e  p resent legal 
tolerance (lead, .025 grains; arsenic trioxide, .01 grains per pound of fru it) unless 
the  rainfall in la te  A ugust and  Septem ber is definitely below norm al.
One grower sprayed some Howes vines for th is insect on A ugust 23, 1938, using 
6 pounds of d ry  lead arsen a te  to  100 gallons of w ater and  apply ing  250 gallons 
to  the  acre. T he rainfall was very  ab u n d an t in Septem ber. M ost of th e  sprayed  
berries were picked on Septem ber 26 an d  tw o resp resen ta tive  sam ples of th is 
fru it were analyzed for residues by  th e  F ertilizer an d  Feed C ontro l Division of 
th e  sta tio n  a t  A m herst. Some of th e  sprayed berries were left unpicked an d  th e  
bog was com pletely flooded from  Septem ber 27 to  O ctober 2, inclusive. Two 
representative  sam ples of these  berries, picked as soon as th e  vines were d ry  
from th e  flooding an d  on areas bordering d irectly  and respectively on those  from  
which th e  previous sam ples were ga thered , were also analyzed for residues. T he 
residues, b o th  lead and  arsenic trioxide, on all sam ples were well below th e  legal 
tolerance. I t  was evident, however, th a t  th e  w ater rem oved over half th e  lead 
and tw o-th irds of th e  arsenic trioxide. T hese resu lts  confirm  those  of 19371 
and show th a t  to  flood for several days is a good way to  reduce th e  spray  residues 
on cranberries when arsen a te  of lead has been used w ithou t an  adhesive.
R esidue in  grains per pound  of fru it
Before flooding A fter flooding
L ead A rsenic L ead A rsenic
trioxide trioxide
Sam ple 1 .......................................0105 .00462 .005 .00149
Sam ple 2 .......................................015 .00561 .006 .00187
Cranberry Weevil (A nihonom us musculus Say). T he weevils were found on 
some bogs in num bers giving insect-net counts of 500 to  over 1000 per 50 sweeps. 
They begin to  h iberna te  soon a f te r  th e  m iddle of August and  are  hard ly  to  be 
found in th e  fall.
The A tlantic  Cutworm  (Folia atlantica G rote). A considerable infestation  of 
th is species appeared  on a bog in W est W areham  and  a  bog in South  E aston  in
1938. T he w inter flowage had been held on these bogs till th e  last week inM ay. 
M ost of th e  worm s reached full grow th and  began to  go in to  th e  ground to  pupate  
by  th e  first of A ugust, bu t a  few continued to  feed on th e  cranberry  foliage till 
A ugust 11. T h e  descrip tion  follows.
Full-grow n worm : L ength, one and a q u a rte r  inches. G eneral color, brown of 
varying shade above and pale brown or pale greenish below. H ead brown, m uch
'M a ss . A gr. E x p t. S ta . Bui. 347, p. 43, 1938.
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m ottled , with a scattering  of ra th e r long hairs. Body w ith a narrow  dark-brow n 
stripe  along th e  m iddle of th e  back; a narrow , broken, and som ewhat staggered 
dark-brow n stripe  along each side of the  back; and a narrow  white or pale-reddish 
stripe  along each side below th e  spiracles, some of th e  spiracles dipping in to  it. 
Spiracles brownish w hite rim m ed with black. Some of th e  worms had pupated  
by  August 3 and m ost of them  had done so by August 10.
Pupa: L ength, ten  to  eleven six teenths of an  inch. Color ra th e r d a rk  reddish 
brown. C rem aster b ifurcate a t  th e  end and with a denticle on each side of its 
base.
Some of th e  m oths emerged from August 13 to  18; some m ore emerged in 
O ctober and early  N ovem ber; and, a t  th e  da te  th is  is w ritten  (Decem ber 22), 
live pupae rem ain, perhaps to  go th rough  th e  w inter.
T his insect ranges from  th e  A tlan tic  coast west to  Calgary in A lberta  and south 
in to  Virginia. L ittle  abou t th e  im m ature  stages has been known heretofore.
T he worms feed on Rom an wormwood, dandelion, and o ther common weeds 
and  grasses.2
Cranberry Fruit Worm (Mineola vaccinii). T he season's experience with roten- 
one-bearing sprays in controlling th is pest, in bo th  experim ental work and com­
m ercial practice, sustained previous conclusions w ell.8 I t  was found, however, 
th a t  7 pounds of derris powder (4 percent rotenone) and  2 pounds of soap in 
100 gallons of w ater gave as good control as sprays contain ing  more derris. Two 
applications, both a t  th e  ra te  of 400 gallons an acre, were necessary: one when all 
b u t abou t a th ird  of th e  bloom was past, and  th e  o ther ten  days later. These 
tw o trea tm en ts  also were an excellent control for th e  blunt-nosed leafhopper 
(Ophiola) th a t  carries th e  false blossom disease.
Cube dusts, used when rotenone-bearing sprays are  most effective, killed the 
worms fully as well as th e  sprays did. One dust containing 2 percent of rotenone 
an d  an  ac tiv a to r controlled th e  fru it worm  alm ost com pletely and  also killed the 
b lunt-nosed leafhopper well. As th e  dusting  m achine was no t working well, 
a good idea of th e  proper acre-dosage of th is d u st was not obtained, bu t 100 
pounds an  acre was clearly enough. T he application  cf a dust containing 1 per­
cent of rotenone and  an  ac tiv a to r was not well tim ed, b u t th e  results suggested 
th a t  such a dust m ay prove to  be a satisfactory  control for th e  fru it worm. The 
discovery th a t  th is  pest can be checked with a dust is gratifying, for cranberry 
growers have become very  generally dust-m inded regarding insect trea tm en ts .
T he rotenone-bearing sprays killed m ost of th e  worm s as th ey  were entering 
th e ir  first berry  near th e  stem  end. T he dusts killed m ost of them  while they  were 
hatch ing  from th e  egg or soon a fte r th ey  hatched  and  before they  left th e  cup 
form ed by th e  calyx lobes of the  berry.
Impregnated Pyrethrum D usts.3 Considerable testing  of these m aterials pro­
duced by different m anufacturers was done by th e  sta tion  during th e  season, 
with good results in m ost cases; b u t all of them  should have been m ade some­
w hat stronger for use against gypsy m oth caterp illars. Fully  60 percent of the 
p y re th rum  d u sts used by M assachusetts c ranberry  growers in 1938 were im­
pregnated  and  th ey  gave very general satisfaction. T he high percentage of these 
d u sts used in this, th e  season of their comm ercial in troduction  to  th e  cranberry 
industry , is explained p a rtly  by  th e  fact th a t  th e  usual high grade pyrethrum  
powder was hard  to  obtain  in q u a n tity  because of th e  character of the  1937 
pyrethrum  crop in Japan . T he much lower cost of th e  im pregnated m aterial 
was also an  im portan t factor.
R e p o r te d  in a le tte r  by W . D . W ylie of the  D ep artm en t of E ntom ology of Cornell U n iversity . 
8M ass. A gr. E xp t. S ta . Bui. 347, p. 43, 1938.
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C onsiderable tes tin g  of d iluents for im pregnated p y re th rum  dusts was also 
done. So far, ta lc  and  gypsum , costs and  perform ance both considered, seem 
prefeiable  to  o th er m aterials for th is purpose.
As Ju n e  an d  Ju ly  were both very ra iny  on th e  Cape, m any growers had difficulty 
in finding good w eather for trea tin g  their pests. In th is ex trem ity , some su c­
ceeded in contro lling  th e  black-headed firewoim well by applying im pregnated  
py rethrum  dusts when th e  cranberry  vnes were far from dry  and  even during 
light rains.
Prevalence of Cranberry Pests. The re la tive  general abundance  of cranberry  
pests on Cape Cod in th e  season of 1938 was as follows:
1. Black-headed fireworm ( Rhopobota) on th e  whole considerably less p re ­
valent th an  usual.
2. F ru it worm (M ineóla) m uch more ab u n d an t th an  in 1937 in B arnstable  
C ounty, bu t generally less prevalen t th an  norm al.
3. Weevil (Anthonom us) more p revalen t than  usual, especially on th e  ou ter 
part of th e  Cape. A bout as in 1937
4. Fire beetle (Cryptocephalus). See above.
5. Gypsy m oth not very troublesom e in P lym outh  C ounty , m uch less so th an  
in 1937; extrem ely destructive  in m uch of B arnstable  C ounty , very much more 
so th an  in 1937.
6. Blunt-nosed leafhopper (Ophiola) re la tively  scarce, p robably  largely 
because of general effective trea tm en t.
7. Green spanw orm  f I tame sulphured) and  brown spanw orm  (Ematnrgd) 
seem to  have become gradually  more ab u n d an t during  th e  last th ree  years.
8. Arm yworm  (Leucania unipuncta) more prevalent th an  usual.
Control of Cranberry Bog W eeds. (C hester E. Cross.) A bout 600 different 
weed plots ranging in size from 4Ja> x 6 feet to  an  acre were trea ted  w ith various 
chemicals. Copper sulfate, cyanam id, Elgetol, ferric sulfate, ferrous sulfate, 
kerosene, Sinox, sodium  arsenate, sodium  arsenite, sodium  bisulfate, sodium  
chlorate, and sodium  chloride were tried  as weed killers in various ways. In 
addition to  th is  stric tly  experim ental work, th e  results of th e  weed trea tm en ts  
applied by  num erous growers were inspected carefully, especially w ith regard 
to the  effects of spring and  early  sum m er applications. T he growers, for exam ple, 
used over 30,000 gallons of kerosene th is year and  th e  results of th e ir work gave a 
clearer idea of th e  use and  effectiveness of th is oil. T he m ain results of all th is 
work were:
1. T here should be no walking on or dragging of hose over cranberry  vines 
recently trea te d  w ith an y  of th e  chem icals found useful in killing weeds. The 
mechanical in ju ry  caused by such practices seems to  provide en trance  to  th e  
interior of th e  cranberry  foliage for th e  toxic m aterials. Those app ly ing  such 
sprays should alw ays back aw ay from  th e ir work as it is done instead  of advancing 
into it.
2. I t  wras th o u g h t last year th a t  a solution of sodium  chloride, 75 pounds in 
100 gallons of w ater, could be applied to  c ranberry  vines in any stage of grow th, 
be it bud, blossom, or fru it, w ithout causing appreciable in ju ry . This y ear’s 
work, coupled with adverse w eather conditions, proved th is idea to  be incorrect 
and led to  many' te s ts  of th e  concentrations and  q uan tities of weed-control so lu­
tions of copper sulfate , ferrous sulfate, sodium  arsenate, sodium  chloride, etc. 
These tes ts  seemed to  show th a t  th e  concentration  of these solutions is not p a rticu ­
larly responsible for in ju ry  to  cranberry' vines and  th a t  th e  q u a n tity  applied is 
m uch more im p ortan t.
3. C ranberry  bogs should be ra th e r thoroughly dried out before kerosene is 
applied to  con tro l weeds. W ater a t  th e  bog surface prevents th e  penetration  of
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kerosene into th e  soil where it can kill weed roots. T his does not m ean, however, 
th a t  flooding for protection from frost or for insect control shortly  a fte r  th e  
kerosene is applied would render the  kerosene ineffective, for the  penetration  of 
th is  oil evidently  is fairly  rapid under favorable conditions, and it-is not easily 
dislodged by w ater once it has reached weed sheaths or roots. If a bog is flooded 
th e  night a fte r kerosene is applied, th e  weeds affected by th e  oil die as quickly 
and com pletely as th ey  would w ithout the  flooding.
4. T rea tm en ts with kerosene late  in April killed th e  grass then  showing green 
above ground; bu t m ost of th e  perennial roots had not a t th a t  tim e grown tops, 
so th e  grasses cam e in fairly thickly  again later.
T he kerosene trea tm en ts  in M ay seem to  have given especially good results, 
killing most of th e  grass and usually causing little  vine in jury . T he norm al 
developm ent of th e  vines and  flow'er buds is often re ta rded  tw o w’eeks by kerosene 
applied in M ay, especially in late  M ay. From  the  10th to  th e  14th of M ay is 
perhaps generally the  best tim e for th is  trea tm en t. A few of th e  tender runners 
are  burned by kerosene late  in M ay, bu t growers agree th a t  th is in jury , if coupled 
with effective weed control, is negligible. Some growlers reported  com plete destruc­
tion  of crop prospects from kerosene spraying in th e  m iddle of M ay a fte r late- 
holding of th e  w inter flood. M any and large tes t plots showed no difference in 
cropping on un trea ted  areas and  areas trea ted  with kerosene in M ay.
T rea ting  bogs with kerosene in late  June  or in Ju ly  is not advisable because 
of th e  danger of serious in jury  to  cranberry  vines and  crop in those m onths.
Kerosene trea tm en ts  in August ruin th e  fru it bu t do not harm  the  cranberry 
v ines when carefully applied. Kerosene spraying in August and  Septem ber has 
th e  im portan t advan tage  of reaching a m axim um  of weeds, for by th a t tim e 
weeds in general a re  m ostly grown for th e  season. M ore work is needed to  deter­
m ine w hether kerosene trea tm en ts  in late  sum m er or early fall reduce the  buds 
for the  following year.
5. It was found safe to  spray  cranberry  bogs with copper su lfate  up to  30 
pounds in 100 gallons of w ater in M ay as well as in A ugust. T his concentration 
in jured  the  vines g reatly  when used in June  or July.
The second or th ird  week in August seems the  best tim e to  use th e  copper sulfate 
solution, 20 pounds in 100 gallons of w ater, 400 gallons per acre, on nu t grass 
( Cyperus dentatus). T he nu t grass is ju st as com pletely killed by th is late  spraying 
as by earlier trea tm en ts  and there  is less chance of in jury  to  th e  vines.
Copper sulfate solution, 25 pounds in 100 gallons of w ater, 300 gallons per acre, 
is th e  best spray  found for killing beggar-ticks (B idevs spp.) on bogs. I t  should 
be applied abou t th e  m iddle of August.
Copper su lfate  solution, 20 pounds in 100 gallons of w ater, 600 gallons per acre, 
applied late in April or early in M ay, kills hair-cap moss {Polytrichum) com­
pletely and seems th e  best trea tm en t for it so far found.
6. D usting experim ents with sodium  arsen ite  wrere tried  late  in August. 
T he results were very encouraging, for all th e  wild bean (A pios tuberosa) foliage 
was burned off, 70 percent of the  poison ivy p lan ts lost th e ir leaves, feather ferns 
(D ryoptens) and Riibus were defoliated, and P anicvm  agrostoides was burned to  
a crisp. L ittle  in ju ry  to  c ranberry  vines w;as caused by e ither of th e  tw o dilu­
tions used: pound sodium  arsen ite  in 9}4  pounds gypsum , and 1 pound sodium 
arsen ite  in 9 pounds gypsum .
7. A solution of 100 pounds of sodium  chloride in 100 gallons of W'ater proved
to  be a b e tte r  trea tm e n t for wild bean and firew'eed (Erechtites) th an  th e  one of 
75 pounds in 100 gallons heretofore advocated . £ p
In th e  search for some chem ical application  which wall kill all vegetation  and  so 
prepare sw am p land for setting  cranberry  vines, it was found th a t  4 tons of sodium 
chloride per acre will kill 98 percent of th e  poison ivy and all o ther bog p lan ts
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except species of Rosu which seem v e iy  resistant to  th is trea tm en t. Fea th e r 
ferns m ay recover from th e  trea tm en t a  little . Any kind of cheap salt m ay be 
used, and  it is though t th a t the  w inter flood will rem ove th e  salt from th e  soil 
so th a t it w'ill not affect th e  grow th of c ranberry  vines th e  following year.
Cold Storage of Cranberries. (C. I. Gunness, H. J. F rank lin , and  C. R. F el­
lers.) T he s tu d y  of home cold storage of cranberries carried  on in 1936 and  1937 
was continued, the  D epartm en ts of Engineering and  of H o rticu ltu ra l M an u ­
factures cooperating w ith th e  C ranberry  S ta tion . See th e  report of th e  D e p a rt­
ment of Engineering.
Hurricane Injury to Cranberry Bogs. (H. J . F ranklin .)
Tidal Flooding. T he highest tidal wave in B uzzards Bay since 1635 accom ­
panied th e  hurricane of Septem ber 21, 1938. i t  flooded a num ber of cranberry  
bogs near the  shore. T he following observations on th e  effects of th is  flooding 
were m ade on Septem ber 23, O ctober 20, and  Decem ber 12, 1938:
1. The vines were killed very generally on lim ited areas where th e  w ater 
rushed over them  w ith m ost speed and  volume.
2. Vines not picked before th e  flood cam e showed no in ju ry  from it, even 
where the  salt w ater rem ained over a bog for th ree  days.
3. Vines picked several days before th e  flooding show'ed little  injury.
4. The foliage and  term inal buds were killed on well over half of th e  vines 
picked only a day or tw o before the  flooding, bu t th e  woody p a rts  of th e  vines 
generally survived.
5. T he w'ater left a very undesirable am ount of sa lt on th e  berries, b u t th is 
was largely rem oved by subsequent rains.
6. As some bog w-eeds can perhaps be controlled by flooding w ith ocean w ater, 
these notes m ay help someone wishing to  try  this. T he flood killed back hair- 
cap moss com pletely.
Loss by W ind. Several growers observed th a t  th e  wind of th e  hurricane blew 
some of th e  berries off the  vines on bogs in W areham . T his loss was probably  
greater and  more general th an  was realized. On a bog of abou t fifty acres in 
Greene, R. 1., it was estim ated  th a t  th e  wind took  over 1,000 barrels, more than  
half the  crop. I t  took all th e  berries from one section th a t was estim ated  to  have 
a crop of 70 barrels an  acre before th e  storm . T he berries were found scattered  
in the  woods for a mile from  th e  bog. T he wind a t  th e  R hode Island S ta te  A ir­
port a t Hills Grove, fifteen miles from Greene, reached a velocity of fully 100 
miles an hour (estim ated) during  th e  storm .
COOPERATIVE CRANBERRY INVESTIGATIONS
Conducted by the Bureau of Plant Industry, United States Department of 
Agriculture, in cooperation with the M assachusetts Agricultural 
Experiment Station
H . F. Bergman, Senior Pathologist, U. S . D. A., in Charge
Development of Strains of Cranberry Resistant to False Blossom. (H. F.
Bergman an d  W. E. T ru ran .) D uring th e  past season, using th e  varieties A viator, 
Early Black, M cFarlin , Paradise M eadow, and Shaw ’s Success, reciprocal crosses 
of each v a rie ty  w ith each of th e  o ther varieties nam ed were m ade. Reciprocal 
crosses were m ade also betw een C entennial and th e  varie ties E arly  Black, M cFar­
lin, and  Shaw ’s Success. In  addition  to  these a cross was m ade betw een C enten­
nial and Paradise M eadow. Seeds from these crosses will be p lanted  during
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Jan u a ry . Seedlings from crosses made in 1936 were set out on the  bog during 
the  sum m er. In October some 435 cu ttings of seedlings from crosses m ade from 
1934 to  1936 inclusive were sent to th e  U. S. H orticu ltu ral S ta tion  a t  Beltsville, 
M aryland, to  be rooted and then , in th e  spring of 1939, to  be sent to  New Jersey 
to  be tested  for resistance to  false blossom.
Studies on Flower and Fruit Production. (H. F . Bergman and  W. E . T ru ran .) 
T he num ber of flowers and fruits form ed on uprights from term inal buds of large, 
m edium , and  small size was determ ined on th e  S ta te  Bog on approxim ately  1000 
uprigh ts of each of th e  th ree  varieties, E arly  Black, Howes, and  M cFarlin . In 
E arly  Black large term inal buds produced more uprights w ith five flowers, m ed­
ium  term inal buds more uprigh ts with four flowers, and small term inal buds more 
uprights with th ree  flowers th an  with any  o ther num ber. This held true, in 
general, in th e  o ther tw o varieties, except th a t in Howes on section 13 both large 
and  m edium  term inal buds produced more uprights with five flowers than  with 
any  o ther num ber. T he average percentage of flowers which produced fruit was: 
E arly  Black, section 5, 23.8 and section 14, 10.7; Howes, section 7, 14.6 and 
section 13, 17.2; M cFarlin  23.4. These percentages, even th e  largest, are low; 
th e  norm al average for any of th e  th ree  varieties varies from 30 to  35 percent. 
In E arly  B lack on section 14, in 1933, 45 percent of th e  flowers produced fruit 
and  only in one year during  th e  last seven has th e  percentage of flowers which 
produced fruit been as low as in 1938. T he form er year was 1935 when the per­
centage of flowers which produced fru it, in E arly  Black, varied from 18 to  22. 
In Howes and M cFarlin , in 1935, th e  percentage was som ew hat higher than  in 
E arly  Black bu t was still below th e  norm al average. T he lowest previous average 
for Howes was in 1936 on section 13, when only 19 percent of th e  flowers produced 
fru it. T he very low production of fru it in 1938 is to  be a ttr ib u te d  in pa rt prob­
ab ly  to  prolonged rain (7-10 days) during  th e  blossoming period which interfered 
with pollination, and in p a rt to  hot w eather during  Ju ly  and August which pro­
m oted th e  developm ent of fungi th a t  caused m any of th e  very young fruits to 
blast.
Spraying Experiments for Control of Rosebloom. (FI. F . Bergman and W. E. 
T ru ran .) One application  of B ordeaux 5-2-50 a t  th e  ra te  of 150 to  250 gallons 
per acre gave com plete control of rosebloom on th ree  bogs on which tests were 
m ade. Rosin fish oil soap, casein, or sodium  salts of sulfonated diphenyl com­
pounds as spreaders were equally  effective. On plots on th e  S ta te  Bog which 
had been sprayed for rosebloom control in 1937, th e  am ount of rosebloom in 
1938 was v ery  small as com pared with th e  am ount on areas not sprayed in 1937.
Spraying Experiments for Fruit Rot Control. (H. F . Bergman and W. E. 
T ru ran .) B ordeaux 5-2-50 and  red copper oxide (Cuprocide), 2 pounds with 
2}-^ pounds of ben ton ite  to  50 gallons of w ater, were abou t equally effective in 
ro t contro l and  were superior to  all bu t one of th e  spray' com binations used this 
year. These sprays reduced the  ro t to  one-half to  one-third of th a t in the  check 
p lots a t th e  tim e of picking. Also spoilage did not proceed as rapid ly  during the 
storage period in berries from  plots on which these sprays were used as in those 
from  unspraved plots, so th a t  a t  th e  end of th e  storage period on December 1 
th e  beneficial effect of sprayung was more ap p aren t than  a t  th e  tim e th e  berries 
were picked. T he use of 1 pound of rosin fish oil soap, 1 q uart of penetrol, 1 
q u art of Sunoco spray oil or 2 /3  to  1 pound of Areskap or Santom erse in 50 gal­
lons of B ordeaux spray  as th e  spreader m ade no difference in the control afforded 
by' th e  Bordeaux. W hen ]/2 pound of Areskap was used with Bordeaux, ro t control 
was definitely' less effective th an  when th e  larger am ounts of Areskap were used; 
and when th e  am oun t of Areskap was reduced to  2 ounces to  50 gallons of spray
A N N U A L R E P O R T , 1938 45
very  little  contro l was obtained. Copper hydro 40, on th e  one bog on which it was 
used, was only a little  less effective th an  B ordeaux with soap, or th an  C uprocide, 
as judged  by th e  am o u n t of ro t present a t  picking tim e; bu t as th e  berries were 
held in storage, spoilage proceeded m ore rap id ly  in those from plots sprayed with 
copper hydro  40 th an  in those plots on which th e  o ther sprays had been used. 
Cuprocide 1 pound to  50 gallons w ith 1 q u art of lethane and  2 q u a rts  of soluble 
cottonseed oil was m uch less effective in ro t control th an  th e  C uprocide-bentonite  
spray or th an  Bordeaux. W hen th e  Cuprocide was reduced to  Yi pound w ith th e  
sam e am oun ts of o th er m aterials in th e  spray , th ere  was a t  least as m uch rot in 
the  berries from  sprayed  plots as in th e  berries from  th e  checks. One pound of 
Cuprocide 54 w ith 1 q u a rt of soluble cottonseed oil in 50 gallons of w ater had very 
little  effect on ro t control. Fungatox, a prepared liquid red copper oxide, used 
a t the  ra te  e ither of 1 pin t or of 1 q u art to  50 gallons of w ater, not only failed 
to  control ro t bu t in m ost instances increased th e  am oun t of ro t as com pared w ith 
th a t in check plots.
The best control of fru it ro ts by any  spray  used was obtained with a modified 
Bordeaux which contained some zinc arsen ite . F o u r different form ulas (two of 
the  four also w ith m onocalcium  arsen ite) were tes ted  on a few sm all plots on th e  
S tate Bog. Of th e  four, a 5-3-50 B ordeaux to  which 1 pound of zinc arsen ite  was 
added reduced th e  ro t to  ab o u t one-half of th a t  ob tained  by th e  use of regular 
5-2-50 Bordeaux. T his form ula appears to  be w orthy  of fu rth e r tests .
Leaf sam ples were collected from  sprayed plots, a f te r  each of tw o applications 
given, to  determ ine th e  d istribu tion  an d  to ta l  co n ten t of th e  spray  residue. 
On all plots which had been sprayed w ith Bordeaux or w ith th e  Cuprocide- 
bentonite m ixture th e  copper con ten t of th e  spray  residue varied  betw een 0.5 
and 0.8 mg. per gram  of leaf sam ple. V ariations w ithin th is range appeared  to  
have no effect on ro t control. On plots on which th ere  had been little  or no rot 
control th e  to ta l copper con ten t of th e  spray  residue was very  low, usually  0.1 
mg. or less per gram  of leaf sam ple, and  tes ts  for d istribu tion  also showed little  
or no copper present.
Blueberry D isease Investigations. (H. F . B ergm an.) In a prelim inary  experi­
ment on th e  control of th e  m um m y berry  disease (Sclerolinia) of blueberries tw o 
applications of Bordeaux 5-2-50, one ju st before th e  flowers opened an d  th e  o th er 
after th e  petals had fallen from m ost of th e  flowers, appeared  to  be effective as 
hardly any  “ m um m ies” were found a fte r  spraying. M ore th an  th e  usual p ropor­
tion of m umm ied berries were produced on unsprayed bushes near by.
Observations m ade in th e  fall on th e  susceptib ility  of b lueberry  varie ties to  
powdery mildew showed th a t  Pioneer is clearly  th e  m ost susceptible. C abot, 
W areham and Rubel follow in th e  order nam ed. K atherine  and  H ard ing  ap p ear 
to be the  m ost re sistan t of all varie ties now grown in M assachusetts . Concord 
and Jersey ap p ear to  be som ew hat less susceptible th a n  R ubel and som ew hat 
more susceptible th an  R ancocas and Stanley , which approach  H ard ing  and 
K atherine in resistance.
DEPARTiMENT OF DAIRY INDUSTRY
J. H. Frandsen in Charge
Improving the Flavor and Keeping Properties of M ilk and Som e of Its Products.
(W. S. M ueller and M. J. M ack.) T his investigation  has been continued from  th e  
previous year by study ing  th e  an tiox idative  and o ther properties of various cereal 
flours: O at (finely milled), whole oa t, corn (m aize), bleached w heat, whole w heat, 
barley , rye, and  rice. Studies with w ater solutions of these various flours showed
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th a t the  pH ranged from 5.82 to  6.02; th e  t itra ta b le  acid ity , from .2 cc. to  .85 c.c. 
of .IN N aO H  when using a 25 c.c. sam ple; and th e  solubility, from  3.6 to  62.a 
percent.
T he an tiox idative  properties of th e  various cereal flours were determ ined by 
add ing  .25 percent of flour to  whole m ilk known to  be susceptible to oxidation. 
O at flour, whole oat flour, and corn flour were abou t equally effective in re ta rd ing  
oxidized flavors, while th e  o ther cereal flours possessed b u t little  antioxidative 
value. T he cereal flours, in th e  concentration used, had no significant effect on 
th e  viscosity, pH , and  titra ta b le  acid ity  of th e  milk. W hole oat flour and corn 
flour im parted  a  stronger flour ta s te  th an  did oat flour.
Because of th e  hulls present, whole oat flour cannot be used as an  antioxidant 
for dairy  products. T his leaves only oat flour and corn flour as possible an ti­
oxidan ts since the  o ther flours possess bu t little  an tioxidative  value.
Corn flour and  oat flour weie com pared as an tiox idan ts for ice cream, using 
.5 percent by  weight. T he d a ta  th u s  far obtained indicate th a t  corn flour is 
practically  equal to  oat flour for th is purpose. Corn flour increased th e  viscosity 
of th e  mix more th an  oat flour, and re ta rded  pverrun som ew hat. I t  is probable 
th a t  th is  slight reduction in overrun can be corrected by adding less corn flour 
w ithout loss of protection against oxidized off-flavors.
Various parchm ent papers trea ted  w ith oat flour have been tested  for wrapping 
b u tte r . T he b u tte r  was stored a t  tem pera tu res of 38° and 0° F. In most cases the 
trea ted  parchm ent paper delayed slightly th e  developm ent of oxidized flavors at 
th e  surface of th e  b u tte r . T his was more pronounced a t  storage tem peratures 
of 38° th an  a t  0°.
Paper m ilk bo ttles and ice cream  cartons trea ted  with oat flour have been com­
pared  w ith th e  corresponding u n trea ted  m ateria ls for use w ith dairy  products, 
and  appear to  have some value in delaying th e  onset of oxidized flavors. Further 
d a ta  a re  necessary before conclusions can be drawn from  th is phase of th e  work.
The Effect of Chocolate-Flavored Syrups on Som e of the Properties of Choco­
late Milk. (W. S. M ueller.) The effect of tw elve comm ercial chocolate-flavored 
syrups on th e  following properties of chocolate m ilk have been stud ied ; viscosity, 
sedim entation , cream  layer, pH , and  curd tension.
T he syrups varied considerably in th e ir ability' to  affect th e  viscosity of the 
chocolate milk. Some of th e  syrups alm ost doubled th e  viscosity of th e  milk 
while others increased it only slightly'. T he suspending agen t was found to  be 
chiefly responsible for th e  increase in viscosity.
Sedim entation  in chocolate m ilk is undesirable because it d e trac ts  from the 
appearance of the  p roduct and  also causes inconvenience in serving. After 24 
hours, 25 c.c. portions of th e  various chocolate m ilks in tes t tubes showed sed­
im entation  vary ing  from  none to  2 c.c. The absence of sedim entation was due 
to  a suspending agent in th e  syrup  in some cases; in others it was due to  the 
absence of cocoa fiber in th e  syrup.
After 24 hours, 25 c.c. portions of th e  various chocolate m ilks in test tubes 
showed a cream  lay'er vary ing  from  none up to  2.5 c.c. T he undesirability  of a 
cream  layer depends largely upon th e  kind of chocolate syrup used and also 
individual preference. If th e  cocoa fiber has not been rem oved from the  syrup, 
then  a cream  line is extremely' undesirable because th e  cream  lay'er will have an 
uneven d a rk  or dirty'-looking color W hich is som etim es m istaken for curd lumps. 
If a  cocoa fiber free syrup is used, th en  th e  cream  layer will have a more creamy' 
color which has th e  ad v an tag e  of indicating to  th e  consum er th e  approxim ate 
am oun t of b u tte r  fa t in th e  chocolate milk.
A lthough th e  pH  of th e  various syrups varied  from 5.0 to  6.5, yet th e  pH  of the 
chocolate m ilk rem ained nearly' constan t, varying only from 6.3 to  6.6.
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All of th e  chocolate-flavored syrups lowered the  curd tension of the plain 
m ilk from  th e  original 42 gram s — to  0 in some cases, bu t only to  25 gram s in 
o thers. T he lower curd tension of chocolate m ilk is not due entirely  to  th e  d ilu ­
tion  of th e  m ilk w ith th e  syrup. T he suspending agent (sodium alginate) was 
found to  be more effective in lowering the  curd tension th an  e ither th e  sugar or the 
co co a .
T he effect of th e  acid ity  of m ilk on th e  appearance and consistency of chocolate 
m ilk m ade from  a specific chocolate-flavored syrup has been studied . Increasing 
the  acid ity  of m ilk from  .16 percent to  .24 percent decreased th e  viscosity  and 
increased th e  separation  in chocolate milk.
Some of th e  chocolate-flavored syrups mixed w ith m ilk more easily th an  o thers, 
bu t none were objectionable in th is respect.
Factors to be Considered in Selecting Chocolate-Flavored M ilk. (W. S. M ueller.)
T he results of th e  chocolate m ilk s tu d y  are  given in a paper, “ F ac to rs  to  be con­
sidered in selecting chocolate-flavored m ilk,” which was presented  a t th e  recent 
Conference of Food Service D irectors a t  R ochester, New York, and  will be p u b ­
lished in th e  Jou rna l of D airy  Science. A good chocolate m ilk should have the  
following properties:
1. A flavor which appeals to  th e  m ajo rity  of steady  consum ers.
2. A low bacteria  count. (The m axim um  bacteria  count should com ply with 
s ta te  and  m unicipal laws for th e  grade of plain m ilk which is used as a base in 
the  chocolate m ilk.)
3. No excessive viscosity. (Viscosity should be kept as low as possible w ith ­
out obtain ing  sedim entation.)
4. No sedim entation .
5. A cream  layer, if any , which is cream  colored an d  no t d a rk  or m ottled .
6. A m inim um  am ount of sugar, which is approx im ately  5 percent.
7. An acid ity  of the  m ilk used as a  base for the  chocolate m ilk which is not 
higher th an  .2 percent and  preferably lower.
8. A to ta l fa t con ten t of a t  least th e  b u tte r  fa t required  by  th e  s ta te  s tan d ard s 
for plain whole milk. T o ta l fa t includes th e  b u tte r  fa t in th e  m ilk and  th e  cocoa 
.fat norm ally found in th e  chocolate flavoring m aterial. (T he te rm  “ chocolate 
m ilk” in th is instance refers to  th e  product m ade from  a whole-milk base and  
does not include "chocolate-flavored dairy  d rinks.” T his la tte r  term  is com m only 
understood to  m ean, in m any  localities, a chocolate-flavored d rink  m ade from  
skim m ed or partly ' skim m ed milk.)
9. A cocoa con ten t not high enough to  decrease th e  d igestib ility  of th e  milk. 
Approximately' 1 percent of cocoa by weight, in th e  finished p roduct, does not 
adversely affect digestibility ' and  is enough to  flavor th e  p roduct.
Nutritive Value of a Chocolate-Flavored Syrup Containing Yeast. (W. S.
M ueller and  L. D. L ipm an.) C hocolate-flavored syrups and  cocoa powders sup­
plem ented w ith various v itam ins have been in troduced com m ercially. One of 
these syrups contain ing  yeast was assayed for bo th  v itam ins B and G, and was 
found to  contain  not less th an  10 in te rn atio n al units of B and not less th an  11 
B ourquin-Sherm an un its of G per fluid ounce.
T he to ta l n u tritiv e  value  of chocolate m ilk (m ade up of 1 p a rt of th is syrup 
and  11 p a rts  of m ilk tes tin g  4 percent b u tte r  fa t) and  of th e  plain m ilk was m eas­
ured by exclusive feeding of th e  milks, supplem ented w ith m inerals, to  albino 
ra ts . T he anim als receiving th e  chocolate m ilk m ade considerably greater gains 
in weight th an  anim als on th e  plain m ilk diet. I t  was calculated th a t  100 gram s 
of th e  plain m ilk contained approxim ately  70 calories, com pared w ith ap prox­
im ately  90 calories per 100 gram s of th e  chocolate milk. T he grow th curves 
reflect these  differences in caloric value of chocolate m ilk and plain milk.
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The Digestibility of Chocolate-Flavored Milk in Vitro. (W. S. M ueller and  L.
D. L ipm an.) T he purpose of th is study  was to  check, if possible, th e  results of 
th e  anim al feeding experim ents. Digestion experim ents have been m ade w ith 
plain m ilk and  chocolate milk containing 1 , 2 ) ^ ,  and 4 percent D u tch  process 
cocoa. Digestion was carried ou t w ith artificial gastric juice, in a ro ta tin g  m ach­
ine set in an incubator a t  37° C., in order th a t  digestion m ight go on under con­
ditions som ewhat approaching those of th e  stom ach. Samples were taken  ou t 
before digestion and a fte r digesting for 2, 4, and  6 hours, and were then  analyzed 
for non-protein nitrogen by th e  M acro-K jeldahl m ethod. As digestion progresses, 
the  proteins are  broken down to  non-protein nitrogen, a process by  which the  
proteins are so changed as to  m ake assim ilation possible. Therefore, an increase in 
non-protein nitrogen indicates progress of digestion. By th is m ethod it was 
found th a t  digestion m ade th e  g reatest progress during  th e  first two hours and 
increased only slightly from then  on up to  six hours.
Prelim inary  results show th a t  cocoa re ta rd s th e  digestion of th e  m ilk proteins 
and th is re ta rd a tio n  is increased as th e  percentage of cocoa is increased from 1 to 
4 percent in th e  milk.
Bacteriological Study of Chocolate-Flavored Syrups and Cocoas. (R. L.
France (Bacteriology) and W. S. M ueller.) T he purpose of th is investigation is 
to  find ou t to  w hat ex ten t chocolate-flavored syrups and cocoa powders are 
responsible for m icroorganic contam ination  in chocolate milk.
T w enty  chocolate-flavored syrups and  20 cocoa powders have been analyzed 
for to ta l num ber and  kind of m icroorganism s present. T he p late  count ranged 
from  20 to  200,000 m icroorganism s per gram  in th e  chocolate syrups and  1,000 
to  55,000 m icroorganism s per gram  in th e  cocoa powders. No coliform bacteria 
or organism s producing hemolysis were found, W'hich indicates th e  absence of 
pathogenic organism s in th e  syrups and cocoas exam ined. R esults to  date  in­
dicate th a t  where th e  chocolate-flavored syrups are added to  cold milk, some of 
th e  syrups exam ined would seriously increase th e  bacteria l con ten t of th e  chocolate 
milk. H igh bacteria l counts in cocoa powders are not as serious as in chocolate- 
flavored syrups, because th e  cocoa is heated during the  preparation  of the  syrup 
and also because less powder is used th an  syrup.
T he investigation will be continued until sufficient sam ples have been an­
alyzed to  draw more definite conclusions.
The Effect of Aging Treatments on Gelatin and Other Ice Cream Stabilizers.
(W. S. M ueller.) Various stabilizers have been subjected to  the  high initial aging 
tem p era tu re  trea tm en t described for gelatin in last y ear’s report. These substances 
do not exhibit th e  differences in physical properties th a t  were noted with gelatin. 
F u rth e r studies are  being m ade w ith o ther stabilizers.
T he effect of ag ita tion  during the  high initial aging tem p e ia tu re  period was 
studied. The following trea tm en ts  had a m arked effect on th e  viscosity of a 
1 percent gelatin  solution.
Viscosity'
° M
Aging 24 hrs. a t 38° F., w ithout a g ita tio n .........................................  134 .1
Aging 6 hrs. a t  68° F. +  18 hrs. a t  38° F ., w'ithout ag ita tio n . . . . 304.5
Aging 6 hrs. a t  68° F. with a g ita tio n +  18 hrs. a t 38° F. w ithout
a g ita tio n .....................................................................................................  382.0
These results indicate th a t  the  efficiency of gelatin in ice cream  could be further 
increased by ag ita tin g  th e  mix during th e  initial high aging tem perature  period. 
T he effect of th e  am ount of ag ita tion  during th is period on various properties of 
gelatin is being studied.
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Som e Factors Affecting the Properties of Whipped Cream. (W. S. M ueller.)
T he effect of ag ita tion  of th e  cream  aftei pasteurization  on th e  w hipping proper­
ties of th e  cream  is being studied . T he results seem to  indicate th a t  prelim inary 
ag ita tion  of th e  cream  im m ediately a fte r pasteurization  does not im prove its 
w hipping properties. A prelim inary  ag ita tion  period of one-half m inute, at 
70°, 85°, or 100° F ., decreased th e  ra te  of w hipping and  slightly  decreased the  
overrun , bu t did not affect th e  m axim um  stiffness and th e  am ount of serum  d ra in ­
age from  th e  w hipped cream .
Changes that Occur in the Storage of Frozen Sw eet Cream. (H. G. L ind­
quist.) A few batches of cream , to  which sm all am oun ts of sa lts (sodium  c itra te  
and disodium  phosphate) were added, were frozen and  stored. T he stored  frozen 
cream , on thaw ing  and  heating, oiled off badly, and no beneficial results from the  
addition  of sa lts were noted. T he project will be continued, add ing  sa lts  and 
sodium  a lg ina te  before freezing th e  cream.
The Use of Egg Solids in Ice Cream. (M . J. M ack.) Egg solids in some form 
are frequently  used in ice cream , and  m any s ta te s  specify a  m inim um  am oun t of 
egg yolk solids which m ust be present in ice cream  custards.
E ither fresh, frozen, or deh y d rated  egg yolk m ay be used. One of th e  principal 
reasons for using egg yolk in ice cream  is to  increase th e  w hipping ab ility  and  th u s 
decrease th e  freezing tim e for ice cream  when frozen in ba tch  freezers. Egg yolk 
has o ther advantages in ice cream : it affects th e  flavor and  color of th e  p roduct, 
increases th e  s tab ility , and  im proves th e  m elting appearance of th e  ice cream .
A num ber of com panies have offered for sale deh y d ra ted  egg yolk m ixed or 
“ blended” w ith o ther solids, such as egg album en, m ilk solids, an d  sugar. T he 
claim is m ade th a t  these “ b lends” are  superior to  th e  plain deh y d rated  yolk. 
The d a ta  collected th u s  far indicate, however, th a t  th e  blended yolk m ay be 
inferior to  th e  powdered egg yolks even to  a  g reater ex ten t th an  m ight be ex­
pected from the  d ilution effect produced by  th e  adm ix ture  of o th er solids to  the  
egg yolk. Some blended products ap p ear to  affect th e  ra te  of whipping very 
little  and to  affect adversely th e  m elting appearance of th e  finished ice cream . 
Users of blended egg yolk powders have unknowingly failed to  com ply w ith S ta te  
regulations for ice cream  custards because of th e  lower egg solids content of such 
products.
Factors Affecting the M elting Appearance of Ice Cream. (M . J. M ack.) Ice 
creams frequently  fail to  m elt to  a sm ooth, cream y liquid, and th e  consum er 
may therefore assum e th a t  th e  product is of poor san ita ry  q u ality  or th a t  it has 
been ad u lte ra ted . Invariab ly  th e  p roduct is en tirely  su itable for consum ption; 
the  unsatisfactory  m elting appearance is th e  resu lt of some facto r which has no 
adverse effect on th e  o ther properties of ice cream.
Defects which often appear in th e  m elting appearance of ice cream  are  (1) 
failure to  m elt, (2) a  “ cu rd y ” or “ fea th ery ” appearance, and  (3) exudation  of m ilk 
serum  from  th e  p roduct. Previous research has shown th a t  factors which affect 
adversely th e  stab ility  of th e  casein in ice cream  also cause th e  m elting a p p ea r­
ance to  be undesirable. In  th is investigation  a num ber of factors have been found 
to  affect th e  m elting appearance which have little  or no effect on th e  s tab ility  
of th e  casein in th e  p roduct.
T he com position of ice cream  has m uch to  do w ith th e  m elting appearance. 
V ariations in th e  b u tte r  fat con ten t as well as in th e  am ount of serum  solids, 
sugar, stabilizer, and egg solids all affect th e  m elting characteristics of th e  p ro d u c t. 
T he stabilizer used is of significance in th is  respect as is th e  hom ogenization 
pressure, pasteurization  tem pera tu re , and  ra te  of freezing. T he purpose of th is 
investigation  is to  establish th e  effect of each of th e  above factors on th e  m elting
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appearance of ice cream  so th a t  more satisfactory  control of th is p ro p erty  of th e  
product can be realized.
Sodium Alginate as a Stabilizer for Ice Cream. (M . J. M ack.) In th e  tw o p re ­
vious annual reports, th e  results secured w ith sodium alg inate as a stabilizer 
have been discussed. T he product proved to  be satisfactory  and  superior in 
several respects to  o ther stabilizers now in use. T he main d isadvantage of the  
product was its lack of solubility a t  tem pera tu res lower than  160° F . T his project 
is being continued w ith a  s tu d y  of a lginates prepared  in different ways w ith the  
hope of developing a product com pletely soluble a t  som ewhat lower tem peratures 
th an  those now em ployed.
The Stability of the Fat Emulsion of Cream. (M. J. M ack.) T his project has 
been discussed in some deta il in recent reports of th is sta tion . Several factors 
have been discussed which account for th e  separation  of oil droplets from cream 
when used in ho t coffee. T his defect can be prevented  by  th e  hom ogenization of 
coffee cream  a t 300 to  500 pounds pressure. Such trea tm en t, however, changes 
some of th e  characteristics of the  cream . T his project is being continued w ith the 
purpose of studying  th e  fa t emulsion in cream  and  o ther dairy products.
A Study of the Possibilities of M ilk, Cream, Cheese, and Plastic Cream in 
the Development of New Dairy Products. (J. H. Frandsen  and M yer Glickstein.) 
W ork on th is pro ject is nearing com pletion. D uring  th e  year m any experiments 
have been m ade in th e  developm ent of new products, some in com bination with 
honey, fru its , cheese, and  flavors from  o th er sources. In addition  to  th e  now 
successful com bination of sweet fru its , sub-acid fru its , candies, nuts, and certain 
arom atic  ripened cheeses with bases such a s  p lastic  cream  and cream  cheese, as 
m entioned in th e  last an n u al report, a tte n tio n  during  th e  year has been given 
to  th e  possibilities of spices in dairy  spreads.
Especially m anufactured  cream  of spices have been used as new flavor sub­
stances in cheese spreads. In  these experim ents pure soluble ex tracts of these 
n a tu ra l spices were used. T his m akes for a  m uch m ore san ita ry  product than  is 
possible when th e  spices a re  used in their original form. Prelim inary experiments 
here indicated th a t  original n a tu ra l spices a re  often m ore or less im pure, conta in­
ing d irt, grit, hairs, insect fragm ents, etc.
A group of consum ers was selected a t  random  and asked to  pass judgm ent on 
various spiced products. Inform ation  th u s  obtained has aided in th e  develop­
m ent of a  num ber of new dairy  spreads in which spices play  an im portan t part.
Utilization of W hey By-Products. (J. H. Frandsen and  M yer Glickstein.) 
W ith in  th e  past few years, a tten tio n  has been given to  th e  m anufacture of food 
an d  industria l p roducts from  dairy  w aste m aterial, particu larly  whey, th e  b y ­
product of cheese m anufacture . W ork along th is  line is now in progress. A lready 
successful m ethods for th e  m anufacture  of whey honey, whey cham pagne, and 
whey candies have been developed.
I t  has been found th a t  ferm ented cottage cheese whey can be used to  make 
a whey syrup  or honey having th e  color, viscosity, general appearance, and some­
w hat th e  general chem ical com position of bees’ honey or m aple syrup. The 
flavor is pleasing and  characteristic  of lactic acid ferm entation  as found in b u t­
term ilk.
By th e  in troduction  of th e  proper stra ins of yeast and  various fru it flavors to 
especially prepared  whey, a p roduct has been obtained which gives some promise 
of th e  developm ent of a new pleasing, sparkling beverage.
Candies m ade from whey and m ilk powder have opened still fu rther possibili­
ties. Several form ulas have been developed for th e  m anufacture of cream  candies, 
chocolate covered centers, and  caram els. According to  consum er reaction, such
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candies m ade from  whey, together with liberal am o u n ts of milk powder, offer 
some prospect for developing a new m arket for dairy  by-products.
A Study of the Efficiency of the DeLaval Multipurpose Separator. (J. H.
Frandsen, L. D. L ipm an, and  M yer G lickstein.) In an  effort to  determ ine the  
su itab ility  and  practicab ility  of m echanical standard iza tion  of milk, several 
experim ents have been conducted with the  D eLaval M ultipurpose Separato r. 
R esults to  d a te  indicate th a t s tandard iza tion  reduces the  am oun t of visible sedi­
m ent in m ilk; in general, standard iza tion  increases fat and to ta l solids and decreas­
es specific g rav ity , has little  effect upon bacteria  count, and  has little  or no effect 
upon curd tension. S tandardized  m ilk ten d s to  have a b e tte r  flavor th an  m ilk 
of th e  sam e age not standard ized . S tandard iza tion  w ith a m echanical stand- 
ardizer is more practical an d  econom ical th an  stan d ard iza tio n  by siphoning or 
foremilking.
DEPARTMENT OF ECONOMICS 
Alexander E. Canee in Charge
Land-Use Problems in M assachusetts in Relation to a Balanced Program  
of Land Utilization. (D avid  R ozm an.) T he work of th is  pro ject has progressed 
along the  lines of land classification and th e  de term ination  of th e  ad ju s tm en ts  
essential to  a  balanced program  of land u tiliza tion . T his w ork has been carried 
out prim arily  w ith a view to  providing a basis for and  supplem enting  th e  ac tiv i­
ties of th e  agencies of th e  U nited S ta tes D ep artm en t of A griculture and  o ther 
Federal and  S ta te  organizations engaged in bringing ab o u t th e  necessary practical 
ad justm en ts in land utilization . Because of th è  v a rie ty  of soil, to p ography  and 
social factors even over small areas in M assachusetts , th e  p lanning for individual 
comm unities can not be adequate ly  prom oted unless it is based on a  detailed 
knowledge of a p a rticu lar locality. W ith th is in m ind, under th is pro ject the  
exam ination of land-use problem s was m ade in a  num ber of M assachusetts com ­
m unities on th e  basis of a  land-use survey  carried  ou t in cooperation w ith th e  
S ta te  Planning Board. In 26 tow ns covering bo th  eastern  and  w estern sections 
of th e  S ta te  a prelim inary analysis was m ade w ith due consideration to  physical 
factors such as soil classification, topography , land cover, existing roads, and 
rural buildings. T his was coupled w ith th e  exam ination of social factors, especi­
ally as expressed by th e  tren d  of population  and  th e  developm ent of industries, 
land values, and  real e sta te  taxa tion .
The prelim inary resu lts indicate th a t  th e  m ost fru itfu l developm ents in effect - 
ing ad jus tm en ts in ru ral com m unities will be brought ab o u t by  tw o m ajor lines 
of action. T he first is concerned w ith th e  prevention  and  e lim ination of isolated 
settlem ents in ru ra l areas, where excessive costs of m aintain ing  roads, schools, 
and o ther social services place a heavy burden of taxa tion  on agricu ltu ra l land. 
Secondly, in com m unities where considerable a reas a re  no t a t  th e  present tim e 
under an y  form  of in tensive u tilization  and  where th e  analysis of physical and 
social factors does no t indicate th e  possibility  of such developm ent th e  m ajor point 
of a tta c k  should be along conservation lines w ith scientific reforestation , recrea­
tional facilities, and  wild life refuges.
T he m ost im p o rtan t application  of th e  m aterial and analyses ob tained  under 
th is land-use project will be in th e  work of th e  S ta te  L and Use C om m ittee, re­
cently  organized under th e  leadership of th e  U nited  S ta tes D epartm en t of A gri­
cu ltu re, composed of represen tatives of all Federal and  S ta te  ag ricu ltu ra l agencies 
engaged in th e  program  of th e  conservation of hum an and  n a tu ra l resources in 
th e  rural a reas of M assachusetts.
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DEPARTMENT OF ENGINEERING  
C. I. G unness in Charge
Cranberry Storage Investigation. (C. I. Gunness, LI. J. Franklin , and  C. R. 
Fellers.) A fairly com plete report on two years’ work on th e  storage of c ran ­
berries was m ade in th e  1937 annual report. I t  indicated th a t  berries kept a t 
35° showed th e  sm allest storage loss bu t th a t  berries would color b e tte r a t 45° 
with only slightly greater loss th an  a t  35°.
T he tests m ade during  th e  1938 season checked the  results obtained in 1936 
and  1937. Berries were held in refrigerated room s a t 35°, 45°, 55°, and 60° and 
in one common storage. Berries were held a t  55° and 60° in order to  see whether a 
difference of 5° in tem pera tu re  would have any appreciable effect on storage loss. 
T he tem pera tu re  of 60° is approxim ately  th a t  obtained in common storage. 
E arly  Blacks showed a 2 percent g reater storage loss when kept a t 60° than  when 
kept a t  55°, and Howes had a 5 percent g reater loss a t  th e  higher tem perature. 
T his indicates th a t  m any growers m ay be able to  reduce losses in common storage 
by m aking some effort to  obtain  lower tem p era tu res in th e  storage. The first 
and  m ost obvious step  is to  provide good ven tilation  to  cool th e  berries as they 
come from  th e  bog. T he building of large, close stacks of warm  berries within 
th e  storage should be avoided. Good circulation of night air, either by natural 
d raft or by  m eans of fans, is very  desirable. In  some cases it may be worth while 
to  insulate th e  storage to  help hold th e  low tem p era tu re  obtained during the 
night.
T he 1936 and 1937 tria ls indicated th a t  berries colored b e tte r a t 45° and 50° 
th an  a t  35° or 40° or a t  th e  tem pera tu res in common storages. In th e  1938 trials 
it was found th a t  berries colored b e tte r  a t  45° th an  a t  35° or a t th e  higher tem pera­
tu res  of 55° and 60°. In an effort to  obtain  good coloring w ith m inim um  storage 
loss, one lot of berries was stored a t  45° for a  short period and then  transferred 
to  35°. T he storage loss was slightly  g reater th an  when berries were stored 
continuously a t  35° and lower th an  when th ey  were stored continuously a t 45°, 
and  th e  developm ent of color was alm ost as good as for berries kept continuously 
a t  45°. T he practice of holding th e  storage a t  45° during  filling and for a period 
th ereafte r gives prom ise of being good m anagem ent in th a t  it calls for less refrig­
eration  capacity  than  if the  storage is kept a t  35° from th e  tim e th e  berries are 
picked.
Frost Protection on Cranberry Bogs. (C. I. G unness.) An experim ental plant 
for study ing  frost protection was installed a t  th e  C ranberry  E xperim ent Station 
in th e  spring of 1938. I t  consists of an aeroplane propeller driven by  an  8-cylin­
der autom obile m otor. T he propeller is m ounted  on one side of th e  bog and draws 
relatively  warm  air from th e  high land surrounding th e  bog and drives it out over 
th e  bog, displacing th e  cold a ir surrounding th e  vines.
T he purpose of th e  experim ent is to  determ ine th e  am oun t of tem perature  
inversion above th e  bog, th e  rise in tem pera tu re  which can be produced on the 
bog w ith a  given tem p era tu re  inversion, and th e  a rea  which can be protected 
with a single un it.
Only tw o runs were m ade in th e  spring of 1938. T he results obtained showed 
prom ise for th is  form  of p rotection , b u t insufficient work was done to  w arrant 
any  conclusions as to  its effectiveness. T he work will be continued next season.
Tobacco Seed Cleaner. (C. I. G unness.) A tobacco seed cleaner was made 
in th e  spring of 1938 in cooperation with th e  S ta te  Seed L aboratory . 1 his m achine 
operates on th e  principle th a t  if tobacco seed is allowed to  drop into a horizontal 
b last of air, th e  light seed and chaff will be carried fa rth e r than  th e  heavy  seed.
T h e  Effect of Application of M agnesium  to Soil P lan ted  to S w eet C om . (P age 13)
D estruction  of S hade T rees  by the H urricane  of S ep tem ber 21, 1938. (Page 32)
A bove: A huge sugar m aple in L evere tt, b low n dow n w ith re su ltan t dam age to farm  buildings. 
B elow : T h is A m erican elm  in L evere tt w as one of the  la rgest in M assach u se tts , m easuring 108 
feel in height and  7 y<i feet in d ia m ete r and  23 feel in  circum ference  at 11M feet above 
the base . It w as free  from  any ev idence of decay  and a beautifu lly  typical specimen 
of the  species.
VT he Apple Leaf C urling M idge, D asyneu ra  m ali K ieffer. (P age  56)
A. Typical in fested  apple twig.
B. W ater sp rou ts  defo liated  by D. mali.
C. A heavily  in fe sted  c lu ster of w ate r sp routs.
D. T erm inal leaves curved by I). mali.
R earing  M acrocen lru s ancylivorus to Co
B reed ing  m ateria l from  w hich the  paras ites  w ere secured  for liberation  in M assachusetts 
peach orchards.
M ore  th a n  150,000 s traw berry  leaves in fested  by parasitized  larvae of the straw berry  leaf 
roller, an  a lte rn a te  host of M acrocen trus, w ere collected in New Je rsey  and  shipped to the lab­
o rato ry  a t A m herst. T he p aras ites  em erged  from  these leaf roller larvae. It was necessary to 
keep th is  m ateria l a t m odera te  tem pera tu re  and high hum idity  until parasite  em ergence was com­
pleted, in o rder to preven t p rem atu re  d ea th  of the leaf ro ller la rvae and  to insure m aximum em ­
ergence  of M acrocen tru s .
Upon em ergence  the  parasites, a ttrac ted  by the light, c lustered  upon the  screen  at the only 
u n d a rk en e d  w indow  in the  b reed ing  room . T hey w ere draw n off the screen  by the suction of 
electric  m otors in to  ca rdboa rd  cartons and  w ere sto red  in a cooling room  to keep them  inactive 
and  in do rm an t condition until taken  in to  the peach o rchards and  released .
1 the O riental F ru it M oth . (P age 58)
E quipm ent an d  m ethod  of collecting paras ites .
I
Kale of F eathering  in Rhode Island Reds. (Page 92) 
A bove: G enetically  la te  fea th ered  fem ale at eight weeks. 
Below: G enetically  early  fea thered  fem ale at eight w eeks.
R ate  of F eathering  in R hode Island  R eds.
A bove: G enetically  la te  fea th e red  m ale a t e ight w eeks. 
Below: G enetically  early  fea th ered  m ale at eight w eeks.
N utritional G izzard L esions in C hicks. (P age 73) 
Left: N orm al chick gizzard.
R ight: Chick gizzard show ing severe  lesions.
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1 he seed which is to  be cleaned is fed from a funnel in to  a rectangular cham ber 
ab o u t 2 inches wide, 24 inches high, and  48 inches long. A blast of a ir obtained 
from a 12-inch fan is directed  through th is cham ber. A rem ovable trough a t  the  
b o ttom  of th e  cham ber serves to  collect th e  seed. T he seed in th e  trough will 
be graded from heavy to  light, th e  best seed being found near th e  front end and 
the very light seed a t th e  far end of the  trough . T he chaff is blown to  the  far 
end and  caught in a con tainer below th e  device. T he operato r a rb itra rily  decides 
the  division point betw een seed which is to  be used and  th a t which is to  be d is­
carded.
DEPARTM ENT OF ENTOMOLOGY 
Charles P. Alexander in Charge
Investigation of M aterials which Prom ise Value in Insect Control. (A. I.
Bourne and  W. D. W hitcom b, W altham .)
Oil Sprays fo r  Dormant Applications. T he w inter and  early  spring of 1938 
reflected in considerable m easure th e  abnorm al w eather conditions which cu l­
m inated in th e  Septem ber hurricane. H eavy rains in Jan u a ry  rem oved most 
of the  snow, which was not replaced to  any  ex ten t during  th e  rem ainder of th e  
w inter. Very few periods of subzero tem p era tu res were experienced so th a t ,  
while th e  w inter was som ew hat m ore severe th an  th e  previous one, little  or no 
dam age was caused to  fru it buds except in th e  m ost exposed locations. U nusually  
warm  w eather in late  M arch and  th roughou t m ost of April caused a  rapid  advance 
in seasonal developm ent, so th a t  orchards were ready  for th e  do rm an t and  de­
layed dorm ant app lications of oil sp rays fully 10 days earlier th an  norm al. T he 
lack of snow and early  thaw ing  of th e  ground com bined to  give excellent: condi­
tions for spraying and  allowed accu rate  tim ing  of th e  oil sprays, while th e  con­
sisten tly  warm  w eather following th e ir application  prevented  in ju ry  from these 
sprays so th a t  o rchards th ro u g h o u t th e  S ta te  were rem arkably  free from  th is 
type  of dam age.
T he E uropean red m ite infestation  in th e  college orchards was slightly  heavier 
th an  in 1937 b u t was very  light in com parison to  o th er years. All of th e  oils gave 
96 percent control or higher and  no serious increase in m ite population was noted 
th roughout th e  season, a  fact which would have been more significant if the  
original infestation  had been heavier.
The new type  of oil con ta in ing  96 percent m ineral oil and 4 percent d in itro- 
ortho-cyclo-hexy-phenol, which was first applied in 1937, was again tested . A 
special goulac-bentonite  m ixture is furnished by th e  m anufacturer to  emulsify 
th is oil.' Considerable difficulty was experienced in th is process due to  th e  fau lty  
condition of th e  em ulsifying agent. I t  was necessary to  secure a  special shipm ent 
of newly prepared  emulsifier before th e  spray  could be applied , A more stable 
emulsifying agen t would be desirable. Once thoroughly  prepared, however, th is 
oil sp ray  proved very  effective against eggs of th e  red m ite and caused no injury 
to  fru it buds.
Substitutes fo r  L im e-sulfur in  Summ er Sprays fo r  Orchards. T ests with these 
m aterials were conducted  in th e  college orchards, in cooperation w ith th e  D ep art­
m ents of Pomology and  B otany. Com m ercial liquid lim e-sulfur with spray 
catalizer was applied in pre-blossom and  calyx sprays, followed by micronized 
sulfur in th e  4 cover sprays. L iquid lim e-sulfur was also used a t dim inishing 
stren g th s th rough  th e  calyx spray : i. e., 1-50 in th e  pre-pink, 1-60 in th e  pink, 
and  1-70 in th e  calyx, followed by  m icronized sulfur in th e  cover sprays. A mix­
tu re  of d ry  lim e-sulfur and  finely divided sulfur was em ployed th roughout the
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season in the  proportions of dry  lim e-sulfur 3 pounds and sulfur 5 pounds per 
100 gallons in th e  pre-pink and pink, d ry  lime-sulfur 2 pounds and sulfur 4 
pounds in the  calyx, and d ry  lime-sulfur 1 pound and sulfur 4 pounds in the 
cover sprays. V ariations of th e  standard  schedule were also tested . Micronized 
sulfur and both the  paste and dry forms of flotation sulfur were applied following 
liquid lim e-sulfur in the  calyx and pre-blossom sprays.
Lead arsenate  was used in all cases a t the  streng th  of 3 pounds per 100 gallons 
in th e  p ink and 3d cover sprays; 4 pounds in th e  calyx, special curculio, 1st and 
2d cover sprays; and 2 pounds in the  4 th  cover spray. It was om itted  in the  pre­
pink application . Owing to  the  unusually  early season th e  1st cover and previous 
sprays were applied from 7 to  10 days in advance of the  norm al da tes for those 
applications. To com pensate for such conditions and to  m ake succeeding sprays 
conform  to  th e  usual schedule, a  special application was made for curculio con­
tro l. Linseed oil as a  sticker was used in th e  1st cover and special curculio sprays.
Exam ination of the  trees in th e  experim ental plots in late  M ay showed th a t in 
all p lots on which liquid lim e-sulfur had been applied according to  th e  standard  
program  th ere  was considerable crinkling of the  leaves with some m arginal burn, 
particu larly  as a  result of th e  calyx application. No scab spots were observed 
even in th e  tops of th e  trees. T he foliage on th e  trees which had been sprayed 
with dim inishing s treng th  of lim e-sulfur showed as m uch in jury  as th a t  on which 
stan d ard  streng th  of lim e-sulfur had been used. In th e  p lots where lime-sulfur 
with spray  catalizer an d  dry  lim e-sulfur with sulfur had been applied, there  was 
less foliage in jury , as regards both crinkling and m arginal burn, than  where liquid 
lim e-sulfur was used. T here  was no evidence of scab in any of these plots. On 
both the  M cIntosh and Baldwin check trees there  was no crinkling of th e  leaves 
nor o th er evidence of spray  burn . T here  was considerable evidence of scab on 
unsprayed M cIntosh  trees. Leaf roller, te n t caterp illar, gypsy m oth, and bud 
m oth were found on the  unsprayed Baldwins.
On M ay 15 there  occurred a brief storm  which was accom panied by high winds 
and was, in effect, a mild foretaste  of th e  Septem ber hurricane. M any trees were 
blown down, and on the  east and southeast exposures much foliage was badly 
w ind-torn. U ndoubtedly  .some spray burn was m asked by the  browning of foliage 
resulting from th is wind injury.
On Septem ber 10 th e  experim ental plots were inspected to  note com parative 
effects of th e  different sprays upon fruit and foliage ju st before it was antic ipated  
th a t harvesting  of th e  M cIntosh  would begin. T he unsprayed M cIntosh  trees 
showed m uch scab on foliage. Practically  all th e  fruit was infected and m any 
apples were badly  cracked. In th e  d ry  lim e-sulfur-sulfur plot there  was a con­
siderable am oun t of foliage in jury  and russeting of fru it, in  th e  o ther plots there 
was alm ost com plete recovery from early  burning and practically  no late  sum m er 
in jury  or russeting of fru it. A som ewhat b lotchy spray  deposit on fruit was 
noted in th e  plots where flotation sulfur was used, b u t no russeting occurred. 
Very little  scab was noted on e ither fru it or foliage. On Baldwins the  dry  lime- 
su lfur-su lfur com bination caused considerable leaf burn and slight russeting of 
fru it. A m uch m ilder ty p e  of in ju ry  was noted on the  foliage in th e  lim e-sulfur- 
spray  catalizer and dim inishing streng th  lim e-sulfur plots, and no russeting of 
fru it. Practically  no in ju ry  was noted on the  flotation sulfur plots or on th e  trees 
given th e  s tan d ard  schedule w ith micronized sulfur in the  sprays following the 
calyx.
No record of harvested  fru it could be m ade. T he hurricane of Septem ber 21 
blew off all th e  fruit and broke down m any of the  trees in th e  experim ental block. 
T he high wind also scattered  th e  fru it so generally from one plot to  ano ther th a t 
it was impossible to  determ ine w hether th e  apples under one tree dropped from 
th a t tree  or were carried from one several rows away.
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Control of W hite Apple Leafhopper. (W. D. W hitcom b, W altham .) T he white 
app le  leafhopper was generally ab u n d an t in E aste rn  M assachusetts orchards. 
In som e orchards infestations as high as 25 hoppers per leaf developed and  in 
o thers th e  average was 1 to  4 hoppers per leaf.
A finely ground dust con ta in ing  55 percent sulfur and  .123 percent py re th rins 
was widely used. In m ost cases th is dust gave good control, bu t th e  results 
varied w ith th e  thoroughness of application and th e  w eather conditions when 
applied. A ctual counts in one orchard where th is dust was applied to  th ree  differ­
en t blocks of trees on different days showed reductions of 96.94 and  76.19 percent 
in th e  num ber of live hoppers per leaf on M cIn tosh , and  51.13 percent on D e­
licious. In th e  experim ental orchard , counts two days a fte r  application  showed 
th a t th e  su lfu r-p y re th ru m  dust gave 88 percent reduction of hoppers and  was 35 
percent more effective th an  a  s tan d ard  p y re th ru m -clay  d u st (30-70) contain ing  
abou t twice as m uch pyren thrins.
N icotine sulfate 1-800 w ith or w ithout soap and  a p y re th rum  ex tract contain ing  
2.2 percent pyre thrins 1-800 w ith e ither fish oil soap or cocoanut oil soap all 
reduced th e  leafhopper population more th an  90 percent. W hen counts were 
m ade 10 days a fte r th e  app lication , however, th e  nicotine sprays had m aintained 
the  high percentage of reduction while th e  hopper population on th e  py rethrum - 
sprayed trees had increased by 16 and 25 percent, indicating  considerably more 
residual effect from  th e  nicotine. A com m ercial o il-p y re th ru m  m ixture 1-600 
(D X ) m aintained its high degree of contro l for 10 days, bu t cube powder with 
resin residue emulsion, an o il-ro tenone m ixture (S tandard  Chem. Co.) 1-800, 
and a d initrophenol m aterial (cvclonox) 1-800 and  1-400 p e rm itted  a slight in ­
crease in hopper population 10 days a fte r  application .
Control of Plum Curculio in Apples. (W. D. W hitcom b, W altham .) In sp ite  of 
abnorm ally warm  w eather early  in th e  spring, th e  m axim um  em ergence of th e  
plum curculio and  th e  critical period in its contro l did not occur in 1938 until 
June 6 to  13, about 3 weeks la te r in relation to  tree  developm ent th an  norm al. 
T he usual application  of th e  first cover spray  was m ade M ay 20 to  25 w ith good 
results, bu t th e  delayed a c tiv ity  necessitated  an o th er app lication  Ju n e  8 to  10 
which was not called for in th e  recom m ended schedule.
D uring th e  period from  M ay 19 to  27, trees in th e  experim ental orchard were 
sprayed when th e  fru it on them  had grown to  approxim ately  4 /16 , 5/16 , and 
6 /16  inches in diam eter. An exam ination of 19,000 apples showed noticeably 
b e tte r pro tection  when sprayed a t  th e  5/16-inch size even though  these app lica­
tions were m ade on successive days. On G ravenstein  th e  application  a t  4 /1 6-inch 
size perm itted  13 percent more curculio in ju ry  and  was ap p aren tly  too early ; 
and th e  application  a t  6/16-inch size showed 16 percent m ore curculio in ju ry , 
being ap p aren tly  too  late . On M cIn tosh , th e  apples sprayed a t  5 /16-inch size 
were dam aged only ab o u t one-half as m uch a s  those  sprayed  when th e  fru it was 
6 /16 of an  inch in d iam eter, and  ab o u t one-th ird  as m uch as th e  4 /16-inch size 
fruit.
D uring th is period (M ay 19 to  27) th e  apples grew approxim ately  1/16 inch in 
d iam eter each day, indicating  th e  g reat im portance of tim eliness of application  
for curculio control.
Apple M aggot Control. (A. I. Bourne and  W . D. W hitcom b.) Apple m aggot 
proved to  be more ab u n d an t th an  in 1936 or 1937, and even in well-sprayed 
com m ercial orchards th e  pest was present in g reater num bers th an  would be 
expected following a thorough spray  or d u st program . T his was due in p a rt to  
th e  fact th a t  m any growers relaxed th e ir v igilance and  took  less care in th e  p rom pt 
disposal of dropped apples. T he decline in num bers of th e  pest in th e  last few
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years and the  low price of apples caused m any of th e  growers to  curta il their 
spray  program  and give less a tten tio n  to  orchard environm ent. As a result, 
large num bers of flies were present in the  orchards late in th e  season and caused 
a heavy infestation of late  varieties. T he record of emergence of apple m aggot 
flies m ade by  Professor W hitcom b a t W altham  is as follows:
D ate of Em ergence of Apple M aggot Flies from Cages, W altham
In  Sun— L ight Soil 
C u ltiva ted  Sod
1st fly ..............................................................  June  22 July 5
25%  flies......................................................... Ju ly  7 Ju ly  13
50%  flies......................................................... Ju ly  11 Ju ly  16
75%  flies......................................................... Ju ly  19 Ju ly  19
Last f ly ........................................................  August 7 August 3
T he num ber of flies emerging equaled 34.6 percent of th e  to ta l, an increase of 
13 percent over th e  emergence in 1937 and slightly more than  th a t  of the  pre­
vious year.
Following th e  hurricane, m uch of the  fru it rem ained on th e  ground long enough 
to  allow th e  m aggots to  reach full developm ent and en ter th e  soil for pupation. 
T his in all p robability  will lead to  a  great increase in th e  emergence of flies in 
1939 with a correspondingly greater danger to  next y ear’s crop, and th rea tens to 
place apple m aggot once more in the  forefront of orchard pests.
Biology and  Control of the  Apple Leaf Curling M idge. (W. D. W hitcomb, 
W altham .) In  1938, th e  area known to  be infested by  th e  apple leaf-curling midge 
was extended nearly to  the  cen ter of th e  N ashoba fru it belt of M iddlesex and 
W orcester C ounties when th is  insect was found for th e  first tim e a t G roton, near 
Ayer; L ittle ton  (near Lake Nagog); L ittle ton  Common, N orth L ittle ton , Con­
cord, and Lexington. Also, an ap paren tly  isolated infestation a t  Sanford and 
Alfred, M aine, was extended to  N orth  Berwick, M aine. All of these newly in­
fested localities are in a southw esterly  direction from previously known infesta­
tions, indicating th a t  favorable a ir curren ts during th e  emergence period of first 
brood flies were responsible for th is dispersion.
The emergence of first brood flies extended from M ay 24 to June  17 with a 
m axim um  on M ay 31. Rolled leaves infested w ith m idge m aggots were abundant 
from M ay 31 to  June  10, and  the  m aggots m igrated to  the  b ark  and soil in large 
num bers from  June  14 to 28. Eggs and flies were again ab u n d an t Ju ly  1 to 15 
an d  all available new grow th was rolled by  Ju ly  18 when th e  second brood of 
m aggots began to  m igrate. H eavy ra ins from  Ju ly  18 to  24 caused m any maggots 
to  leave th e  rolled leaves prem aturely , and a fte r  August 1 th ere  was considerable 
overlapping of generations. A sm all th ird  generation of flies emerged in late 
August and  larvae were m igrating from  infested leaves as la te  as Septem ber 16.
In th e  labora tory  only 12 percent of th e  m aggots which were overw intered in 
cages emerged as flies. Of th e  first generation m aggots which were collected 
before Ju ly  19, over 95 percent transform ed to  flies; and  48 percent of the  second 
generation m aggots m aturing  from Ju ly  19 to  August 9 transform ed; while only 
7 percent of those m atu ring  from August 19 to  26 emerged as flies. T he length 
of tim e required for m ature  m aggots to  change to  adu lt flies averaged 21 days 
in June, 17 days in Ju ly , and 24 days in August.
W hen flies em erging Ju ly  6 to  9 were dissected, an average of 127 eggs per 
female was found in 1-day-old flies, and 139.9 eggs in flies 2 days old. T he greatest 
num ber of eggs found per female was 231.
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None of th e  m aggots covered w ith 2 inches of soil in labora tory  cages em erged 
as flies, while 18.5 percent of those under 1 inch or less transform ed, and 48 pe r­
cent of those  on th e  surface com pleted their developm ent.
E xperim ents w ith soil trea tm en ts  applied ju s t before th e  flies begin to  emerge, 
as determ ined by collections of ad u lts  in cloth cages covering 15 square feet, 
ind icate  th a t  naph tha lene  flakes e ither b roadcasted  on th e  surface or spaded 
in to  th e  soil gave very good control of m idges in th e  soil. W hen naphtha lene  
flakes were applied  a t  th e  ra te  of 2 pounds to  100 square feet, e ither by b ro ad ­
casting or spading, th e  num ber of flies emerging was reduced 94.6 percent. Spad­
ing alone reduced them  71 percen t; Cyanogas a t th e  ra te  of 1 pound per 100 
square feet reduced them  86.9 percen t; and tobacco powder contain ing  1 percent 
nicotine was 60 percent effective.
The Spray Residue Problem. (A. I. B ourne.) T here was no p a rticu lar sp ray  
residue problem  in M assachusetts in 1938. Aside from th e  fact th a t  th e  Septem ­
ber storm  m ade w indfalls of a large proportion of th e  crop, th e  rain which preceded 
it had rem oved m ost of th e  spray  deposit from th e  fru it. Including th e  12 inches 
of rain which fell in th e  days im m ediately before th e  hurricane, th e  to ta l precip i­
tation  from Ju ly  30, th e  da te  of th e  last cover spray, until Septem ber 21 was 
16.39 inches. In th e  70-day period from th e  th ird  cover spray  to  th e  sam e d a te  
there was an  accum ulation am ounting  to  23.09 inches and  from  th e  second cover 
spray  th e  rainfall to ta led  28.61 inches. T he fru it, therefore, encountered  nearly  
as m uch rainfall, from th e  tim e it received th e  last full dosage of lead a rsen a te  
until th e  an tic ip a ted  da te  of harvest, as th e  to ta l no im al p recip ita tion  from  
Jan u a ry  to  August.
In early  Septem ber notice was received th a t  th e  lim it of tolerance for lead  
for the  1938 shipping season had been raised from  0.018 grains per pound of 
fruit to  0.025 grains; and  in N ovem ber th e  lim it of 0.02 grains per pound, or 
double th e  previous to lerance, was announced for fluorine com pounds. T h is  
action will m aterially  lighten th e  burden on th e  fru it grower and allow m uch 
greater la titu d e  in th e  sp ray  program .
In a s tu d y  of m ethods to  supplem ent lead arsen a te  in th e  contro l of o rchard  
pests, experim ents w ith chem ically trea te d  codling m oth  bands were continued 
in the  same orchard as in 1937. In addition  to  th e  banding of th e  trees, th e  reg­
ular spray schedule was supplem ented  by two extra app lications of a fixed n ico tine  
compound in an effort to  check la te  season “ stings.” There, as in th e  o rchards 
a t th e  college, the  in terven tion  of th e  hurricane prevented  checking th e  fru it in 
th e  experim ental blocks. T he apples were blown ab o u t for such distances th a t  
there  could be no certa in ty  as to  th e  particu la r plots from  which th ey  originally  
came, and th e  fru it was in m any cases so badly  bruised th a t  m inor insect b lem ­
ishes were not d istinguishable. By late  fall, however, th e  trees in th is  orchard 
had been pulled back  in to  an  upright position so th a t  m ost of th e  codling m oth 
bands could be rem oved and  exam ined.
A to ta l of 3,287 larvae was collected from 210 trees, or an  average of 15.7 larvae  
per tree . In th e  previous year 4,078 larvae were collected from 248 trees, or an a v ­
erage of 16.4 larvae per tree . T he N orthern  Spy trees in th is  o rchard  had p rac ­
tically  no fru it in 1937, bu t bore a  full crop in 1938. W hile th e  to ta l num ber of 
larvae collected in th e  entire  o rchard  in 1938 was very  close to  th e  record in 1937, 
nearly  one half of th e  num ber was found on th e  N orthern  Spy trees, which showed 
an average of 45.5 larvae per tree, while th e  average for all o ther varie ties was
10.5 larvae  per tree . Com parison of th e  collections from th e  o th er varie ties 
showed a  m aterial reduction in codling m oth population in 1938 from th a t  of 
th e  previous year. On several trees tw o bands were set, one above th e  o th er, 
on th e  m ain tru n k , in an  effort to  determ ine w hat proportion of th e  larvae m oved
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down th e  tru n k  to  th e  bands or crawled up from th e  ground. All b u t one of these 
trees were blown over, th e  tru n k s split open, and  th e  bands reduced to  fragm ents. 
On the  one tree  where th e  bands were in tac t, 54 larvae were collected in th e  
upper band and  32 in th e  lower.
Introduction of Parasites of Oriental Fruit Moth in Peach Orchards. (A. I.
Bourne.) In 1938 th e  work of rearing  parasites of th e  oriental fru it m oth was 
conducted  in th e  entom ological laboratories a t  Am herst. By agreem ent with 
th e  Entom ology D epartm ent of the  C onnecticut E xperim ent S ta tion , th e  services 
of M r. A. D eC aprio were secured from June  1 to  Ju ly  15. M r. D eC aprio was in 
direct charge of th e  collection of breeding m aterial in New Jersey, its shipm ent 
to  Am herst, and  la te r th e  d istribu tion  of parasites in th e  peach orchards. The 
facilities of th e  laboratory  proved very satisfactory  for th e  proper care and hand­
ling of the  breeding m aterial, and there  was sufficient emergence to  fill th e  original 
orders for 16,000 parasites. Because of low m orta lity  in th e  breeding m aterial 
and  a  higher degree of parasitism  th an  an tic ipa ted , it was possible to  fill late 
requests for colonies and  leave a sm all surplus of parasites which were liberated 
a t  the  discretion of the  county  agents. In all, m ore th an  20,000 parasites, Mac- 
rocentrus ancylivorus, were liberated  in late  June  and  early Ju ly , in 58 orchards 
in 9 counties of th e  S ta te .
The rainfall in Ju ly , as recorded a t  the  college, was nearly tw ice the  normal 
for th a t  m onth , and some p arts  of th e  S ta te  experienced even heavier precipita­
tion . T he frequent showers, w ith intervening periods of high tem pera tu re  and hum ­
id ity , proved alm ost ideal for th e  developm ent of th e  oriental fruit m oth, and 
a t  th e  sam e tim e constitu ted  th e  worst possible conditions for th e  activ ities of 
th e  parasites, so th a t on th e  whole th e  Macrocentrus parasites released in M assa­
chuse tts peach orchards in 1938 proved less effective th an  in any  year in which 
liberations have been made. W hile early  tw ig infestation by th e  fru it m oth larvae 
was not extensive, la te  season dam age to  fru it was severe in m any orchards. 
Sim ilar w eather conditions prevailed over m uch of C onnecticut where results 
w ith th e  parasites corresponded with those in M assachusetts. In  New Y ork and 
Ohio, however, the  prevailing w eather was more nearly norm al as regards tem ­
peratu re  and hum idity , and the  results with Macrocentrus and  sim ilar parasites 
were very sa tisfactory , indicating th a t  under norm al m idsum m er conditions 
favorable results can be expected from th e  parasites liberated  in th e  orchard. 
E ven under th e  adverse w eather conditions prevailing in M assachusetts during 
th e  season of 1938, the  few growers who purchased a  sufficient supply of parasites 
to  allow th e  ra tio  of 1 colony to  approxim ately  300 trees repiorted the  fruit a t 
harvest to  be relatively free from fru it m oth dam age.
Control of Cabbage M aggot. (W. D. W hitcom b, W altham .) Eggs of the 
cabbage m aggot were first found in the  field on April 29. T his is about a week 
earlie r th an  th e  first oviposition in o ther years, because of the  unseasonably warm 
w eather in la te  April.
C abbage m aggots were norm ally destructive. T he ab u n d an t and well-dis­
tr ib u te d  rainfall in M ay and  June stim u la ted  th e  grow th of secondary roots on 
infested p lan ts so th a t  th e  m ajority  of th em  produced m arketable heads. Under 
th ese  conditions only 4 percent of the  u n trea ted  p lan ts in th e  experim ental field 
were killed, a lthough 76 percent of them  showed m oderate or severe in jury  to 
th e  roots by th e  m aggot. Furtherm ore, 62 percent of them  produced m arketable 
heads, which was the  best yield from un trea ted  p lan ts in several years.
Nevertheless, contro l trea tm en ts  were effective and worth while. Corrosive 
su b lim ate  solution (1 ounce in 10 gallons of w ater) gave 97 percent protection 
when applied once and 100 percent protection when applied twice and produced
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•90 percent salable heads. A pplications to  th e  roots a t the  tim e of transp lan ting , 
using  pure calomel powder and calom el-ta lc  m ixtures contain ing  75, 50, and 
25 percent calomel, all gave ab o u t 90 percent pro tection . M ixtures containing 
10 and  5 percent calomel were not effective. A ctually , th e  75 percent calom el-ta lc  
powder gave th e  g reatest pro tection , bu t the  adv an tag e  over th e  50 percent m ix­
tu re  was so little  th a t the  la tte r  seems m ore practical. Both th e  75 and  th e  50 
percent calom el-ta lc  m ixtures gave slightly  more protection  th an  pure calomel, 
app aren tly  because of th e  b e tte r  adhesiveness of the  talc. P lan ts trea ted  with 
pure calomel w ilted considerably when first transp lan ted  bu t recovered quickly 
a fte r  root grow th was stim u la ted  by  rain.
M aggot in ju ry  to  p lan ts which received root trea tm en t when tran sp lan ted  was 
confined alm ost en tirely  to  th e  upper p a rt of th e  root which grew a fte r  th e  t r e a t ­
m ent was applied. T his ty p e  of in ju ry  is m uch less destructive  th an  when th e  
feeding roots are  eaten , and  seldom checks th e  grow th of the  head severely.
Cabbage Maggot in Radishes. (VV. D. W hitcom b, W altham .) Radish seeds 
were p lanted  a t  approx im ately  10-day in tervals from  M ay 2 to  August 15. One 
lot of seed was u n trea ted  and one lot received th e  calom el seed trea tm en t a t  th e  
ra te  of Yi pound of calom el powder on each pound of seed. A pproxim ately one 
m onth a fte r  th e  seed was sown, 100 radishes selected a t  random  were exam ined 
an d  th e  in ju ry  by cabbage m aggot classified. A ppreciable in ju ry , m aking more 
th an  15 percent of th e  radishes unm arketable, was found only in th e  M ay 2 and  
12 plantings and  again in th e  Ju n e  14 and 22 and  Ju ly  2 plantings.
Calomel seed trea tm en t and weekly applications of a  .6 percent rotenone dust 
in  th e  la tte r  p a rt of th e  season failed to  p ro tect th e  radishes, an d  no effective 
economical control of th is insect on radishes was secured. These experim ents 
indicate, however, th a t  radishes can be grown profitably if the  seed is sown so as 
to  avoid the  periods of m aggot a c tiv ity  as shown above.
Control of Striped Cucumber Beetle on Cucumbers and M elons. (W. D.
W hitcom b, W altham .) In 1938, striped  cucum ber beetles were extrem ely a b u n d ­
an t and  in the  experim ental p lan ting  3773 beetles were recorded com pared to 
685 beetles in 1937. In these p lantings, which contained an equal num ber of 
cantaloupes, melons, and cucum bers, 65 percent of th e  beetles were found on the  
cucum bers indicating  a  decided preference for th a t p lan t.
T he results in the  experim ent a re  som ew hat handicapped by an  unusual and 
unexpected m igration of beetles from  near-by p lantings of cucurbits. T his was 
especially noticeable in Ju ly  when hills of cucum bers and melons which had been 
kept practically  free for a  m onth suddenly became infested with 25 to  40 beetles 
each.
Sprays an d  dusts were applied 6 tim es betw een Ju n e  10 and  Ju ly  14 a t  in tervals 
of 4 to  10 days. R ain fell during each of these in tervals and  determ ined the  
length of in te rval betw een applications. On June  26-29 rain fell on 4 successive 
days and  on Ju ly  11-13 on 3 successive days. D uring  these ra iny  periods the  
beetles m igrated  to  th e  p lan ts which were washed free of insecticides an d  heavy 
re infestations developed, especially on Ju ly  13 when 1937 beetles were counted 
on 90 hills.
Records of the  effectiveness of insecticides wrere taken  by counting  the  num ber 
of beetles present ju s t before spraying or dusting  and again 24 hours a fte r t r e a t ­
m ent. On th is basis cube-clav  dust containing .75 percent rotenone reduced th e  
beetles 93.8 percent th roughou t th e  period and gave the  best protection. C u b e -  
clay  dust (.6 percent rotenone), copper oxychloride-lim e dust 1-14 (D uP on t), 
copper-ro tenone  dust (.8 percent rotenone) (Gen. Chem .) and calcium  a rsen a te -  
lim e dust 1-14 all gave 90 to  92 percent pro tection . M icronized ro tenone-su lfur
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dust (.75 percent rotenone and 20 percent sulfur) was th e  least effective of th e  
dusts used. W ettab le  cube and derris sprays (4 pounds in 100 gallons) gave 
83.4 and 84.4 percent protection and were slightly inferior to  th e  dusts.
On th is basis th e  effectiveness of all the  trea tm en ts  is within th e  range of ex­
perim ental error, indicating th a t th e  calcium  arsenate-lim e dust, which is th e  
cheapest, was th e  most practical under 1938 conditions.
Control of Squash Vine Borer. (W. D. W hitcom b, W altham .) T he average 
field infestation by th e  squash vine borer in th e  experim ental p lanting of H ubbard  
squash in 1938 was 6.67 borer tunnels per vine, which is m uch greater th an  has 
been recorded here before. M any vines were killed before they  had grown second­
ary  roots a t  th e  nodes, and frequent and excessive rainfall during Ju ly  reduced 
insecticide trea tm en ts  to  ab o u t one-half th e ir usual efficiency. Almost continuous 
rainfall from Ju ly  18-25, which practically  prevented  dusting  or spraying, only 
slightly  reduced oviposition by  th e  borer m oths and greatly  aided the  develop­
m ent of an unusually  severe infestation.
Insecticides were applied Ju ly  6, 13, 22, 29, and under these conditions 40 per­
cent nicotine su lfate  1-250 perm itted  an  average of 3.06 borer tunnels per vine, 
which is a reduction  of 54.12 percent over th e  infestation in th e  un trea ted  plants. 
C ube-clay  d u st (.6 percent rotenone), w ettable cube spray  (4 pounds in 100 gal­
lons), and a n eu tra l copper-ro tenone dust (.8 percent rotenone), all reduced th e  
infestation  approxim ately  45 percent. N icotine sulfate 1-500+oil emulsion 1 per­
cent and  cube-clay  dust (.75 percent rotenone) were less effective in th e  record 
bu t obviously were affected by  th e  unfavorable w eather conditions.
Potato Spraying Experiments. (A. I. B ourne.) P o ta to  flea beetles appeared 
in th e  fields alm ost as soon as th e  young p lan ts appeared  above ground, and  were 
so ab u n d an t th a t  th ey  co n stitu ted  a  m ajor problem  th roughou t the  season. 
Leafhoppers were late  in appearing  and were a t  no tim e very ab u n d an t. T he 
rainfall in Ju ly  was 7.45 inches, a record exceeded only th ree  tim es in th e  last 
fifty years. T his heavy precip itation  during Ju ly  very largely prevented  aphid 
a tta ck , and  no serious ou tbreaks in p o ta to  fields were noted or reported.
T he frequent rains during June  and  Ju ly  m ade it difficult to  hold to  any  definite 
schedule of sprays, and applications were frequently  in te rrup ted . However, th e  
experim ental plots were given 10 applications of copper sprays between June 14 
and A ugust 29. Six different insecticides were tested  on th e  stan d ard  variety , 
Green M ountain , each of them  being used in com bination with 5-5-50 and  5-3-50 
Bordeaux m ixture in th e  applications from Ju ly  14 to  August 9. As thorough 
coverage of th e  foliage as w eather conditions perm itted  was m aintained th rough­
out th e  season, and th e  p lan ts rem ained green un til killed by th e  frost of October 
7-8. W eekly records of flea beetle dam age were m ade in each plot th roughout 
th e  season. T he ranking of each m aterial w ith th e  tw o streng ths of Bordeaux 
m ixture was as follows:
W ith  5-5-50 Bordeaux 
D erris 4 percent rotenone 
Cube 4 percent rotenone 
Calcium  arsenate  (Calrite) 
Com mercial 2 percent rotenone 
Calcium  arsenate  (Calgreen) 
Calcium  arsenate-arsen ite  m ixture 
Check (B ordeaux alone)
All of th e  m aterials gave 
indicating  th a t  in 
persistence of th e  high 
T his was also borne out in
W ith 5-3-50 Bordeaux 
Cube 
Derris
Commercial 2 percent rotenone 
Calcium arsenate-arsenite  m ixture 
Calcium  arsenate  (Calrite)
Check (Bordeaux alone)
Calcium arsenate  (Calgreen)
b e tte r  control w ith the  5-5-50 Bordeaux m ixture, 
a year of frequent and heavy rainfall, as in 1938, the  g reater 
calcium  Bordeaux gave added protection to  the  foliage, 
th e  relative yields as shown in th e  following tab le :
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W ith  5-5-50 Bordeaux W ith  5-3-50 Bordeaux
M ate r ia l
Yield P ercentage Yield P ercentage
per Acre of C rop per Acre of C rop
Bushels G rade 1 Bushels G rade 1
C heck (B ordeaux o n ly ) ................... 478.3 78.4 475 74
D erris (4 percent ro ten o n e )........... 480 78.5 478.4 73.2
Cube (4 percent ro ten o n e )............. 471 .6 75.1 466.7 71.1
Com m ercial 2 percent ro tenone . . 457.5 83.1 456.7 74.4
Calcium  arsenate  (C a lrite ) ............. 451 .6 72.3 446.7 70.1
Calcium  a rsen a te -a rsen ite .............. 431.6 72 .6 328 .4 70
Calcium  arsenate  (C alg reen )......... 416 .6 75.2 415 57 .4
All of th e  m aterials gave slightly  higher yields w ith the  5-5-50 Bordeaux. The 
comm ercial calcium  a rsen a te-a rsen ite  m ixture when used with 5-3-50 Bordeaux 
caused severe burning of the  foliage, which was reflected in th e  low yield.
Two comm ercial brands of copper sprays designed for use on potatoes were 
com pared with 5-5-50 Bordeaux m ixture. T ests were also m ade of th e  value of 
excess lime with each of these m aterials. Ten applications were m ade during 
th e  season. The relative value of th e  m aterials, based on yields, was as follows:
M ate ria l
Yield per A cre P ercen tage  of C rop 
Bushels G rade 1
B ordeaux 5-5-50............................................................... 524.1 75.4
Basic copper su lfa te + lim e ..........................................  47 8 .6  74.3
Basic copper su lfa te .......................................................  433 .2  65 .6
Copper hydro4-l>m e......................................................  407 .5  73.4
Copper h y d ro .................................................................... 348 .9  57 .8
T he addition  of lime to  th e  comm ercial m aterials in each case im proved the  
coverage and  adhesiveness of th e  sprays. None of these sprays, however, equaled 
hom em ade B ordeaux in these qualities, and  th e  superio rity  of th e  Bordeaux- 
sprayed plots was ap p aren t th roughou t th e  season. T he correlation of increased 
yields and superiority  in coverage and  persistence indicates th a t these were very 
im po rtan t factors in a year such as 1938 when th e  rainfall during  th e  spraying 
season was more th an  double th e  norm al.
In th e  period of unse ttled  w eather which cu lm inated  in th e  hurricane, there  
was a to ta l rainfall of approx im ately  12 inches which not only com pletely sa t­
u ra ted  th e  soil b u t actu a lly  flooded p a rts  of th e  experim ental plots. T he soil 
dried very  slowly, and  in low areas still re ta ined  m uch m oisture a t  th e  tim e th e  
potatoes were dug. T he sa tu ra tio n  of th e  soil p revented  proper aeration  and  
exerted a sm othering  action on th e  tu bers which led to  in ternal breakdow n. T his 
condition, which was noted  in practically  all of th e  plots regardless of trea tm e n t 
an d  in fact was generally  d istrib u ted  th roughou t th e  entire  Valley, m ateria lly  re ­
duced th e  net yield. T he dam age was m uch more severe in those low areas which 
were subm erged by th e  high w ater, and.w as an o th er by-product of th e  hurricane.
Control of Onion Thrips. (A. I. Bourne.) W eather conditions during late  
spring  and  early  sum m er were as a whole favorable for th e  onion crop. M oderate 
tem p era tu res  and am ple rainfall prom oted rapid  growth while th rip s  were som e­
w hat la te  in appearing  and  developed slowly. T he prolonged warm  period from 
Ju n e  18 to  24, w ith little  or no precipitation, th rea tened  th e  appearance of b last, 
b u t th e  in terven tion  of nearly  5 inches of rain on June  26 and  27 accom panied by 
com paratively  low tem pera tu re  halted th e  b last and  a t  th e  same tim e re ta rded
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th e  developm ent of thrips, so th a t a t th e  beginning of Ju ly  fields of seed onions 
th roughout th e  Valley were in excellent condition and showing prom ise of a 
heavy crop.
T he 10-day period from July  8 to  17 was m arked by high tem pera tu re  and very 
little  rainfall. These conditions gave considerable im petus to  th e  seasonal devel­
opm ent of th rips, and th e  infestation became general and  increased rapid ly  in 
severity . F o rtu n a te ly  th e  p lan ts by th a t  tim e had m ade excellent top  growth 
and  no serious dam age was caused. In th e  experim ental plots th e  infestation 
reached its m axim um  on Ju ly  26 w ith an average of 108 th rip s  per p lan t, and 
declined rapid ly  from th a t point.
Blast appeared  soon afte r th e  period of very warm w eather which culm inated 
in th e  87° m axim um  on Ju ly  17, and it spread rapid ly  th roughou t th e  Valley. 
W hile th e  th rip s  were not ab u n d an t enough to  cause serious dam age to  norm al, 
healthy  p lants, their presence in fields stricken by blast served to  intensify th e  
dam age and hasten  th e  death  of th e  plants.
Field tes ts  were m ade of a comm ercial spray containing 2 percent ro tenone; 
ground derris and cube, each with a 4 percent rotenone con ten t; a pyrethrum -su l- 
fur com pound; a fixed nicotine-oil com bination ; and the  standard  nicotine sulfate- 
soap m ixture. In addition  3 dusts were tested ; a pyre th rum —sulfur m ixture, 
cube-vatso l, and dual-fixed nicotine. Two applications were m ade 7 days ap art. 
T he relative effectiveness of these m aterials is shown in th e  following table.
A verage N um ber of T hrips per P lan t
T reatm en t Before 1 day
7 days 
afte r  1st 1 day
1st afte r  1st and ju s t a fte r  2d
tre a tm en t tre a tm en t before 2d tre a tm en t
tre a tm en t
Sprays
Com mercial 2 percent ro tenone. . . 67 18.4 20.7 2.5
D e rris ....................................................... 34 3 .4 8 .7 1 .6
C u b e ......................................................... 69 3 .5 9 .2 1 1 1
O rtho n ico tin e-o il............................... 56 8 8.1 1 .2
P y re th ru m -su lfu r................................ 60 9.1 13 3
N icotine su lfa te -so a p ...................... 54 0 .6 8 .7 0 .5
D usts
P y re th ru m -su lfu r................................ 71.5 31.5 15.3 1.6
C u b e -v a tso l......................................... 51 19.5 26.5 6 .6
Dual-fixed n ico tin e .......................  • 49 7 .9 22.7 4 .5
C h eck ..................................................... 54 — 25 —
Superior coverage and penetrating  qualities m ade th e  sprays more effective 
th an  th e  dusts, although dual-fixed nicotine com pared very well w ith th e  control 
furnished by th e  sprays. D usts also showed little  residual effect or re ta rdation  
of reinfestation. N icotine su lfate was superior to  o th er sprays in its im m ediate 
effects in bo th  applications. T he rotenone sprays were som ew hat slower in 
killing action , bu t showed a pronounced residual effect which checked reinfesta­
tion . T he ortho  nicotine-oil com bination was superior to  all o thers in its pro­
longed protection  of th e  p lan ts from a tta ck , as shown in th e  table.
S tudies on varie ta l resistance of different stra ins of onions to  th rips a tta ck  
were cut short by th e  early  appearance and  rapid  spread of b last in th e  area where 
th e  v a rie ty  plots were located. Selzers Sweet Spanish, N ebraska, Grano, and  an 
unnam ed varie ty  designated M cL No. 1, were noticeably resistan t to  th rip s  
a tta c k  w ith an average of only 6 to  9 th rip s  per p lan t, while the  infestation on 
less resistan t varie ties varied from 70 to  80 th rip s  per p lan t. Also N ebraska
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was th e  last v a rie ty  to  succum b to  b last, rem aining upright arid com paratively  
free from  th rip s  when the  p lan ts in all o ther plots were flat.
Insecticides for the Control of European Corn Borer. (A. I. B ourne.) T he 
w eather during  th e  m onth of April was unusually  m ild and a t the  end of th e  m onth 
th e  season was considerably in advance of norm al. M ay, however, was more 
nearly norm al a lthough there  were several periods when the  tem pera tu re  a t dusk 
was unseasonably low and  frosts occurred a t in tervals as late  as th e  last 2 days 
of th e  m onth. Pupation  of E uropean corn borer larvae began m uch earlier th an  
usual. O bservations in southern  H am pden C ounty  showed th a t  on light, early 
soil from 75 to  100 percent pupation  had taken  place by M ay 11. M oths from 
m aterial collected on th a t  da te  began to  emerge on M ay 16. In heavier soil and  in 
less exposed fields pupation  was considerably later, and emergence was delayed 
by the  com paratively  cooler w eather during M ay. T he low tem p era tu re  a t d u sk  
and th e  frost la te  in th e  m onth re ta rded  th e  a c tiv ity  of th e  m oths and  corres­
pondingly prolonged th e  period of egg laying, while th e  irregularity  in develop­
m ent in different fields was m uch greater th an  norm al. U nder such conditions 
accurate  tim ing of th e  first application  of sprays or dusts was particu larly  difficult.
Field te s ts  with 3 dusts, dual-fixed nicotine, cube-vatsol, and a com m ercial 
rotenone, and  w ith 4 sprays including ground derris, cube, and  2 commercial, 
rotenone sprays, were conducted  in a comm ercial planting  in H am pden C ountv . 
Both sprays and dusts were applied a t  5-day in tervals from June  10 to  June  25, 
th e  first application  based on th e  general appearance of th e  young larvae.
The infestation  th roughou t th e  en tire  planting  of several acres was very  heavy.. 
U nsprayed corn yielded only 25 to  35 percent borer-free ears in th e  first picking 
and approxim ately  16 percent in th e  second.
All of th e  insecticides proved toxic to  corn borer larvae and furnished satis- 
factor)- pro tection  for th e  period covered by  th e  schedule. T he degree of control 
was not so high as in previous experim ents owing p a rtly  to  th e  unusuallv  severe 
infestation and p a rtly  to  th e  com paratively  large num ber of larvae appearing  
very early  as a  result of th e  abnorm al season.
The sprays gave sa tisfactory  protection  and th e  dusts fair comm ercial control 
on the  basis of th e  borer-free ears harvested . T he real value of th e  insecticidal 
trea tm en ts , however, is indicated by  th e  relative proportion of th e  to ta l yield 
which was of m arketab le  grade. In  th e  dusted  plots from  62 to  65 percent of the  
crop was borer free and  50 to  56 percent was of m arketab le  grade; in th e  sprayed 
plots from 75 to  80 percent of th e  to ta l yield was borer free and  57 to  60 percent 
m arketable; while in th e  unsprayed plots only 16 percent of th e  crop was borer 
free and less th an  12 percent of th e  ears were fit for m arket.
T he corn in th e  experim ental plots m atu red  very early and  th e  entire  crop was 
harvested by Ju ly  19. Because of th e  heavy infestation of o ther early  corn in 
the  m arket, the  grower found a great dem and for his crop and realized a sufficient 
prem ium  on his borer-free corn to  receive from his whole p lanting  a re tu rn  of 
approxim ately  3 to  4 cents per ear.
Insects Concerned in the Dispersal of Dutch Elm D isease. (W. B. Becker.) 
Studies on th e  biology of th e  n a tive  elm b ark  beetle, Hylurgopinus rufipes, were 
continued. A progress report on pa rt of th e  work follows:
Exam ination  of th e  con ten ts of some larval galleries of II. rufipes showed th a t  
th e  num ber of instars varied , as m any as eight exuviae being found in one com ­
pleted gallery. A stu d y  of larvae of one generation collected a t abou t weekly 
in tervals from  a  pile of Am erican elm logs, indicated th a t  five in stars was th e  
m ost com m on num ber under th e  conditions of th e  experim ent . A detailed account 
of th e  s tu d y  will be published.
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Mr. W. E. Tomlinson of the  W altham  Field Station  cooperated by  carrying on 
some experim ents with H. rufipes in W altham . Elm logs cut in mid-April were 
a tta c k e d  for oviposition purposes in late April and early M ay. A dults of the  next 
generation began to  emerge from the  logs in early August. In early Septem ber 
e lm  logs cu t in m id-July were observed being a ttack ed  by ad u lt beetles. Since 
th e  experim ent is not com plete, it is not yet known whether brood galleries were 
m ade or not.
M r. Tom linson also carried on some experim ents with Scolytus multistriatus 
in W altham , a town within th e  area infested by  these beetles. A dults were 
observed a ttack in g  a  recently felled elm tree  in small num bers in early M ay. 
A du lts of th is sam e generation which s ta rted  to  a tta c k  some elm logs in the 
v icin ity  a t  ab o u t th e  same tim e gave rise to  a generation which began emerging 
in  early  A ugust. E lm  logs cut in m id-July and placed next to  the  above logs 
from  which th e  beetles were emerging, were first observed to  be a ttack ed  by 
ad u lts  in early  August. Exam ination  of th is bark  early  in Septem ber showed the 
presence of eggs and  paren t ad u lts in brood galleries. T his s tudy  indicates th a t 
Scolytus m ultistriatus m ay have one com plete and a  p artia l second generation 
in th e  v icin ity  of W altham .
Insect Pests o f Shade and Ornamental Trees. D uring the  sum m er the  campus 
trees were exam ined for the  presence of insect in jury  in order to  form a basis for a 
spray  program  for pest control. In the  fall a survey was m ade of th e  effects of 
th e  hurricane on shade and ornam ental trees on th e  cam pus. Although not 
stric tly  entom ological in na ture , the  survey pointed ou t some interesting en­
tom ological problems.
In addition  to  eleven species of insects infesting wood or wood products, 95 
species of insects on 34 different genera of shade and ornam ental trees were sent 
to  th e  Shade T ree L aboratory  for identification.
A bulletin  of an economic n a tu re  on th e  control of shade tree insects was pub­
lished (M ass. Agr. E xpt. S ta. Bui. 353).
Control of Red Spider on Greenhouse Plants. (W. D. W hitcom b and  William 
G arland, W altham .) F u rth e r experim ents with sprays containing extractives 
from  derris and  cube indicate th a t effective sprays of th is na tu re  for combating 
th e  common red spider, capable of giving 9 0 +  percent control consistently, should 
contain .03 percent to ta l ex tractives of which .0075 percent is rotenone. This is 
equivalent to  a stock m ixture containing 1J^ percent rotenone and 4Jj> percent 
o th er resins, dilu ted  1-200. Sprays containing these active ingredients are slightly 
m ore consistent in effectiveness if combined w ith brown cam phor oil ra th e r than  
w ith soluble pine oil or sulfonated casto r oil. T he addition  of .2 percent K araya 
gum  increased th e  effectiveness ab o u t 5 percent, ap paren tly  by  building up the 
deposit on th e  leaves; bu t when both gum and  spreader were added, the  run-off 
was increased and  no benefit from the  gum  resulted. At 80° F . th e  effectiveness 
against red spider was 25 to 40 percent g reater th an  a t  60° F.
An alcoholic ex tract of derris containing .0075 percent rotenone and .0225 
percent o th er extractives was 10 percent more effective th an  a sim ilar extract 
w ith .005 percent ro tenone; and  the  addition  of .005 percent pyrethrins not only 
failed  to  increase th e  m orta lity  to  red spider bu t ac tually  gave an average decrease 
of 6 percent in th ree  experim ents.
T he addition  of K araya  gum  increased slightly  th e  effectiveness of commercial 
th io cy an ate  spray  and  a  comm ercial selenium  com pound, bu t th e  g reater run-off 
resulting  from the  add ition  of a spreader consistently  reduced the  m ortality  to  
red  spider. Both of these m aterials were only m oderately effective in single 
app lications bu t gave prom ising results when repeated  in three or four appli­
cations.
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Naphthalene and Similar Compounds as Greenhouse Fumigants. (W. D .
W hitcom b, W altham .) Experim ental fum igations w ith chlorinated  nap h th a len e  
com pounds as greenhouse fum igants were continued w ith very encouraging 
results . A chlornaphthalene oil killed 92.51 percent of red spiders on carnation  
m one fum igation and  100 percent in two fum igations. O ther ch lo rnaph tha lene  
com pounds were slightly  less effective, th e  m orta lity  of red spider by fum igation 
decreasing ab o u t 5 percent for each a to m  of chlorine added  to  th e  naphthalene.
M ix tures of 2 p a rts  of ch lornaphthalene oil w ith 1 p a rt of th e  higher ch lorinated  
naphthalene waxes killed 100 percent of th e  red spiders in tw o fum igations, bu t 
in one fum igation th e  m orta lity  of red spider decreased as th e  a tom s of chlorine 
in th e  m ixture were increased.
T he addition  of 25 percent paradichlorobenzene crysta ls to  th e  ch lo rn aph tha lene  
oil gave a m o rta lity  of 89.42 percen t; and  a m ixture of equal pa rts  of ch lornaph­
thalene oil, paradichlorobenzene crystals, and  naph tha lene  crysta ls killed 92.92 
percent of th e  red spiders.
T he m ost effective m ixtures were those con tain ing  25 percent n ap h tha lene  
crystals in chlornaphthalene oil and  25 percent ch lorinated  naph tha lene  soft 
wax in chlornaphthalene oil. B oth of these  m ixtures killed all of th e  red sp iders 
in one fum igation.
Potted  carnations infested w ith th e  comm on red spider m ite Tetranychus 
telarius L.) were used and  no in jury  to  th e  p lan ts resu lted  from  norm al fum iga­
tions. T he work was done in an  experim ental fum igation cham ber w ith Yi ounce 
of the  fum igant for each 1000 cubic feet and  an exposure of 6 hours a t  70° F . and 
60 percent re la tive  hum idity .
FEED CONTROL SERVICE 
Philip H. Smith in Charge
The Feed C ontrol Service com prises no t only feed inspection, b u t several o ther 
activities, as listed below:
Feed C ontro l (G eneral Laws, 1920 C h ap ter 94)
Seed C ontrol (G eneral Laws, 1927 C h ap te r 94)
D airy Law (General Laws, 1920 C h ap te r 94)
A dvanced R egistry  T esting  
M iscellaneous W ork
Feed Control. (P. H. Sm ith, A. F . Spelm an, J . W . Kuzm eski, L. V. Crowley,
F. A. M cLaughlin, J . T . H ow ard.) D uring  th e  fiscal year 1,721 sam ples of feeding 
stuffs were officially collected and  exam ined in th e  contro l laboratories. T he gross 
receipts from  th e  reg istra tion  of feeding stuffs in 1938 (calendar year) were $23,400, 
derived from  1,170 brands a t  $20 each.
Dairy Law. (P. H . Sm ith, J. T . H ow ard, H. L. Allen.) D uring th e  year ending 
Decem ber 1, 1938, 6,369 pieces of B abcock glassware were tested . C ondem ned 
glassware consisted of one m ilk test b o ttle  and one p ipette. One hundred and 
ten  certificates of proficiency were aw arded; and  227 cream eries, m ilk depots, 
and m ilk inspectors’ laboratories were visited in order to  check m ethods and pass 
upon equipm ent in use. As a resu lt of th is inspection, seven m achines were 
condem ned.
A dvanced Registry Testing. (P. H . Sm ith.) On M arch 1, 1938, th e  work of 
A dvanced Registry' T esting  was transferred  to  th e  E xtension Service. W hile th is  
work has been supervised by  th is d ep artm en t since its inception in 1902, it was
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felt th a t  b e tte r  correlation could be brought about betw een Advanced R egistry  
T esting  and  Cow T est Associations and th a t  results could be m ade of greater 
p ractical im portance if th e  transfer were effected.
M iscellaneous Work. (P. H. Sm ith, A. F . Spelman, J. W. Kuzm eski.) N um ­
erous analyses have been m ade for residents of the  S ta te  and  o ther departm ents 
of th e  college.
Sum m ary of Miscellaneous Work, 1938
M aterials sent in:
M ilk and cream, b u tte rfa t o n ly .................................................................. 701
M ilk, solids and f a t .........................................................................................  26
Ice cream , for f a t .............................................................................................. 75
Feeds, from  farm ers and  d ealers................................................................. 122
Feeds, from  S ta te  In s ti tu tio n s ....................................................................  785
F o r o th er departm en ts of E xperim ent S ta tion  and College:
D ry m atter, forage c ro p s ............................................................................... 461
Com plete fodder an a ly se s.............................................................................  7
Vegetables, fiber o n ly ...................................................................................... 91
Grass and  hay, w ater and  p ro te in .............................................................. 86
Feeds, fa t and fiber.......................................................................................... 43
FERTILIZER CONTROL SERVICE
H. D. H askins in Charge
Fertilizer Inspection. (H . D. H askins, H. R. DeRose, J . W. Kuzm eski, A. F. 
Spelm an, Chem ists; J . T . H ow ard, C. L. W hiting, G. E . T aylor, Sam pling Agents; 
H . L. Allen, L abora to ry  A ssistant.) Records for th e  year show th a t  122 firms 
have registered for sale in th e  S ta te  of M assachusetts 533 brands of mixed fer­
tilizer an d  fertilizing m aterials and 55 brands of agricu ltu ra l lime and gypsum. 
R esults of analysis show th a t  66 percent of th e  mixed fertilizer brands, 83 percent 
of th e  unm ixed fertilizer b rands and  75 percent of th e  lime brands showed no 
déficiences. T he gross receipts from th e  registra tion  of th e  fertilizer and lime 
products an d  from fertilizer tonnage fees for th e  year 1938 were $15,792.36.
For ab o u t ten  weeks, beginning April 1, th ree  experienced men employed to 
draw  sam ples for inspection purposes sam pled 23,142 sacks or containers, rep­
resenting  18,153 tons of m aterials; 187 tow ns were visited, and  1,793 samples 
representing  514 brands were draw n from  stocks found in th e  possession of 516 
ag en ts  or owners. T he following sum m ary  shows th e  character of these sub­
stances, as well as s ta tistics w ith reference to their inspection.
M ixed fertilizers...........................................
G round bone, tan k ag e  and  fish ..............
N itrogen  p roducts, m ineral and  organic
P hosphoric  acid p ro d u c ts .........................
P o tash  p ro d u c ts ...........................................
D ried  pulverized n a tu ra l m anu res. . . .
N itr a te  of p o ta sh .........................................
P e a t p ro d u c ts ................................................
W ood and  co tto n  hull a sh es ....................
M iscellaneous................................................
L im e p ro d u c ts ...............................................
T o ta ls ..........................................................
B rands B rands Sam ples N um ber of N um ber of
.egistered C ollected D raw n A nalyses D eterm inations
343 340 1,074 451 7.666
48 48 150 53 624
54 44 222 134 628
28 28 135 33 285
13 17 67 26 147
30 30 107 31 286
5 5 17 7 54
2 3 5 3 21
7 7 12 12 99
3 4 6 4 31
55 53 133 61 628
588 579 1,928 815 10,469
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D uring th e  period Ju ly  1, 1937 to Ju ly  1, 1938, the  tonnage of fertilizer and 
p lan t food sold in M assachusetts was as follows:
P lan t Food E lem ents (Tons)
F ertilizer N itrogen A vailable P o tash
(Tons) Phosphoric
Acid
M ixed fertilizers .................................................... 45,339 2,355 3,796 3,326
U nm ixed fertilizer chem icals and  m aterials 22,360 1,434 2,015 745
P ulverized n a tu ra l m an u res ............................. 1,476 32 25 41
T o ta ls .................................................................... 69,175 3,821 5,836 4,112
Full details of th e  fertilizer and  lime inspection will be found in C ontro l B ulletins 
95 and 97
M iscellaneous Analytical anti Diagnostic Work. (H . D. H askins, H. R  DeRose, 
A. F . Spelm an, J. W. K uzm eski.) Chem ical stud ies in cooperation w ith several 
departm ents of th e  E xperim ent S ta tion , Field S ta tion , C ounty  A gents and  men 
in charge of th e  Soil C onservation work of th e  S ta te  have been carried  on. T he 
character an d  extent of th is  work is shown in th e  following sum m ary:
A pples for ash  ana ly sis ................................... 18
A pple sp ray  res id u e .........................................  5
A pple tree  leaves, ash an a ly s is ...................  35
C ranberry  sp ray  res id u e ................................  4
F ertilizer m ix tu res ............................................ 24
F ertilizer chem icals .......................................... 2
F ertilizer for m anganese de term ination ,
A .O .A .C ...........................................................  6
F ertilizers for basic ity  and  ac id ity  d e te r­
m inations, A .O .A .C ..................................... 4
Forage and  field c ro p s ....................................  276
G rain  ra t io n s ......................................................  2
Lim estone, dolom ite , A .O .A .C ....................  9
L iquid  lim e-su lfu r............................................. 7
M aple sy ru p  .....................................................  1
P e a t ........................................................................  1
P o ta to  s p ra y .......................................................  1
S a lt w a te r sedges an d  g rasses ...................... 1
Seed res idues......................................................  4
T o ta l .................................................................  400
O ther work of th e  dep artm en t has included consu lta tions on various p rojects 
where chem ical problem s were involved. Research on problem s developed by 
th e  referees of th e  Association of Official A gricultural C hem ists of N orth  Am erica 
has received the  usual a tte n tio n  an d  has included w ork on m ethods for th e  de ­
term ination  of m anganese and  acid ity -basicity  in fertilizer m ixtures, th e  chem ical 
work involved in these studies being perform ed by  M r. J . W . Kuzm eski and  M r. 
A. F . Spelm an respectively. A considerable v a rie ty  of chem ical w ork has, as 
usual, been done for o ther S ta te  In stitu tions, com m unity  organizations, firms 
and individuals having problem s of ag ricu ltu ra l in terest. T his group includes 
th e  analyses of th e  following m aterials:
A nim al tissues for m ineral p o isons ............ 4
C rab  and  lobste r shell m e a l.......................... 1
D ehy d ra ted  p o u ltry  m a n u re .........................  2
G round b o n e ......................................................  2
H ide sc rap in g s ...................................................  1
H oof m e a l............................................................ 1
Lim e p ro d u c ts .................................................... 7
M iscellaneous..................................................... 3
M ixed fertilize rs ................................................ 13
N itra te  of S o d a .................................................  1
O rganic w aste  p ro d u c t from  caneine  p la n t 2
O rchard  hay  for sp ray  re s id u e ....................  6
P e a t .......................................................................  3
P ea t p o u ltry  m a n u re ....................................... 1
Refuse from  d uck  p en s ................................... 1
Servall s tab le  b ed d in g ....................................  1
Sheep m anure-w ool w a s te ............................. 1
S o il.........................................................................  3
W ool w a s te .........................................................  2
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DEPARTMENT OF FLORICULTURE
Clark L. Thayer in Charge
Breeding Snapdragons for Varietal Improvement and D isease R esistance.
(H arold E . W hite, W altham .) Snapdragon rust was m uch less v iru len t on p lan ts 
in th e  field th is year. H eavy infection usually shows on susceptible varie ties 
by August 5 b u t th is year it did not occur un til abou t August 10, which is 10 days 
la te r th an  norm al. T he cool tem pera tu re  during the  early sum m er m onths and 
th e  heavy rainfall in th e  la tte r  p a rt of Ju ly  apparen tly  prevented  norm al dis­
sem ination and  germ ination of th e  ru st spores.
Selection and hybridizing work is being continued with th e  m ost prom ising of 
th e  ru st-resistan t stra ins developed a t  th e  Field S tation . T he loss of plants 
th rough  prevalence of wilt and b light diseases has interfered w ith pollination 
work in th e  field. T herefore all hybridizing has been confined to  th e  greenhouse 
during  the  w inter m onths, which has reduced th e  num ber of generations th a t 
can be grown each year from tw o to  one.
Considerable varia tion  has been observed in susceptibility  of th e  different 
Field S ta tion  stra ins to  th e  wilt and blight diseases, b u t sufficient da ta  are not 
available to  determ ine how m uch of th is is due to  clim atic conditions and how 
m uch to  heredity .
A num ber of ru st-resistan t varieties of snapdragons sold for garden use have 
been tes ted  in th e  field over a period of two years. M any of these are highly 
resistan t to  ru st b u t several were observed to  v a ry  greatly  in ty p e  of foliage, 
hab it of grow th, and blooming quality , as com pared w ith m ore susceptible varie­
ties. O ut of some 25 stra ins tested  a t  W altham  th e  following were found to  be 
th e  m ost desirable for garden use.
V a r i e t y  F l o w e r  C o l o r
A lask a ................................W hite
B u tte rc u p ......................... Y ellow
C am pfire ........................... Bronze
D affodil............................. Yellow
D a in ty ............................... L ight pink
V a r i e t y  F l o w e r  C o l o r
F air L a d y ...................P ink
Loveliness.................. L ight pink
M axim um  W hite . . .W hite
Opal Q ueen................Salmon and  apricot
Orange P in k ..............O range-pink
Salmon P in k ..............Salmon rose
Effect of Temperature on Forcing Lilies. (H arold E. W hite, Y a lth a m .) A 
rooting  tem p era tu re  of 60° F . has been found to  be more favorable th an  a tem ­
peratu re  of 50° F. for L ilium  longiflorum  var. giganteum. T his observation has 
been substan tia ted  over a period of tw o years. In 1937-38 the  num ber of flowers 
per p lan t averaged 5.10 for bulbs rooted a t 60° F ., com pared w ith 3.79 for bulbs 
rooted a t  50°. A portion of th e  sam e case of bulbs, held in cold storage until 
Jan u a ry  3, 1938, then  p o tted  and  placed in 60° F. tem pera tu re , averaged 3.43 
flowers per p lan t. H eavy w atering of th e  soil during  th e  rooting period did not 
noticeably affect grow th or flowering. A covering of hay  over th e  bulbs on the  
bench had neither favorable nor unfavorable effect.
W eekly records on th e  growth of th e  p lan ts indicated th a t  there  was a stage 
of rapid vegetative  grow th up to  th e  12th or 13th week, followed by a period of 
re ta rded  grow th for 3 to  4 weeks. A t th e  end of th e  14th to  16th week, ano ther 
stage of elongation in grow th occurred. It would ap p ear th a t  th is  slowing down 
in growth took  place a t  th e  tim e of bud form ation.
Effect of Plant Nutrients, Soil Reaction, and Light on Gardenias. (H arold
E . W hite, W altham .) T he use of fertilizers containing sodium  n itra te  as a source 
of nitrogen resulted in an average production of 19.13 blooms per p lan t and  22.64 
percent bud drop. Sim ilar fertilizers with nitrogen in th e  form  of am m onium
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su lfa te  gave 22.91 blooms per p lan t and 18.50 percent bud drop. T he fertilizer 
which gave th e  m ost favorable resu lts supplied all nitrogen and phosphorus in 
organic form s and  produced 23.12 blooms per p lan t w ith only 14.60 percent bud 
drop.
T he q u a n tity  of fertilizer applied per 100 square feet of bench area  varied from 
2 to  4 pounds, and  th e  num ber of applications from 2 to  6 per year. W hen the 
q u a n tity  and  th e  frequency of application  of fertilizers contain ing  n itra te  of soda 
were increased, flower production was reduced and  bud drop increased. C om ­
p a ra tiv e  applications of fertilizers w ith am m onium  sulfate or organic m aterials 
a s  sources of n itrogen did not decrease flower production or increase bud drop 
a s  did sodium  n itra te  fertilizers. T his difference in effect on production and  bud 
drop would ap p ear to  be due to  th e  av a ilab ility  and accum ulation  of n itra te  
nitrogen in th e  soil from  th e  sodium  n itra te .
T his opinion is fu rth er su b s tan tia ted  by the  fact th a t the  to ta l bud drop for 
th e  season was reduced to  betw een 2.0 and  2.5 percent on a num ber of p lan ts by 
w ithholding fertilizers un til N ovem ber and  Decem ber. At th a t  tim e th e  p lan ts 
showed sym ptom s of n itrogen deficiency w ith a good set of buds bu t no develop­
m ent. One group of p lan ts received tw o applications of a chem ical fertilizer. 
T he p lan ts fed w ith organic m aterials produced 16 flowers per p lan t w ith only 
2.33 percent bud drop, whereas those p lan ts receiving chem ical fertilizers produced 
27 blooms per p lan t w ith 2.13 percent bud drop. Bud drop was proportionally  
a s  high on nitrogen-deficient p lan ts during N ovem ber, Decem ber, and  Ja n u a ry  
as on p lan ts fed more heavily  w ith fertilizers, indicating  th a t  soil fe rtility  is not 
th e  only lim iting cu ltu ra l factor concerned in loss of buds from gardenia p lants.
F u rth e r observations on th e  use of chem ical fertilizers containing sodium  or 
calcium  n itra te  show th a t  sym ptom s of iron chlorosis on gardenias a re  intensified 
a s  th e  q u a n tity  an d  th e  frequency of application  of fertilizers a re  increased. 
Fertilizers w ith am m onia and  organic form s of nitrogen, when applied in th e  sam e 
q u an tity  and  frequency as the  calcium  or sodium  n itra te  m ixtures, did not cause 
chlorosis. One-year-old p lan ts grown for a second season are  chlorotic or norm al 
depending upon ty p e  of fertilizer trea tm e n t of the  soils.
M onthly  pH  determ inations have been m ade on gardenia soils under different 
fertilizer conditions. T he da ta , compiled from records for tw o years, show no 
relation betw een degree of acid ity  and severity  of chlorotic sym ptom s of gardenia 
plants.
On th e  basis of experim ental results it is concluded th a t  chlorosis caused by  the  
inactivation  of iron can be prevented  under com m ercial cu ltu ra l conditions 
th rough  th e  use of soils re la tively  low in n itra te  n itrogen, and  by  th e  judicious 
application  of fertilizers so as to  lim it the accum ulation  of n itra te  sa lts in the  soil.
D etailed results of experim ental w ork with gardenias were published in the  
Proceedings o f the Am erican Society fo r  Horticultural Science, 1937.
Propagation Studies with Geraniums. (H arold E . W hite, W altham .) T he 
use of fungicides on geranium  stock p lan ts in the  field as a m eans of producing 
disease-free cu ttings proved to  be of little  value. A 2-2-50 and  a  4-4-50 Bordeaux 
m ixture an d  a 4-50 w ettab le  sulfur spray  were applied twice in June, Ju ly , and 
A ugust, an d  once in Septem ber. M oderate to  severe burn ing  of th e  foliage re ­
su lted  from  th e  use of all these m aterials and th e  rooting  of cu ttings was not 
increased very appreciably.
C u ttin g s tak en  from stock p lan ts grown in greenhouse benches rooted con­
sis ten tly  b e tte r  w ith less loss from stem  rot th an  cu ttings taken  from field-grown 
p lan ts . An average of 9 cu ttings per p lan t was obtained on inside bench-grown 
stock  as com pared with an  average of 3 cu ttings on field p lan ts. The excellent 
resu lts  of propagation  from  greenhouse-grown p lan ts as com pared w ith field-
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grown p lan ts have been consistent over a period of two years and dem onstra te  
definitely th a t th e  best insurance against losses from stem  rot and for increasing 
th e  percentage of rooting is to  grow geranium  stock plants under glass.
T he resu lts obtained by trea tin g  geranium  cu ttings with a  syn thetic  grow th 
substance in powder form were very satisfactory . W hile such trea tm en ts  did not 
appreciably  reduce losses from  stem -rot disease, a m uch higher percentage of 
trea ted  cu ttings rooted. R oots were m uch more abu n d an t on trea ted  cu ttings 
th an  on th e  checks.
C uttings from geranium  p lan ts a t  W altham  were taken  to  a local comm ercial 
greenhouse for rooting, to  determ ine w hether m anagem ent of th e  propagation 
houses and  conditions therein  were im portan t. On th e  same da te  cu ttings were 
tak en  from th is grow er’s inside pot-grown p lan ts and from his field p lants, for 
rooting  a t  W altham . None of th e  p lan ts had been sprayed. Irrespective of 
conditions in th e  propagating  house a t  W altham  or th e  comm ercial greenhouse, 
cu ttings from  inside-grown p lan ts rooted b e tte r  th an  those from field-grown 
plants.
G eranium  cu ttings from  inside-grown p lan ts gave a high percentage of rooting 
in 2 inch pots of soil, whereas cu ttings taken  from field p lan ts rooted very 
poorly under such conditions.
T he use of horticu ltu ra l wax emulsions as dips for th e  foliage of geranium  cu t­
tings to  p revent excess transp ira tion  did not prove successful. Root cuttings of 
geranium s did not prove sa tisfactory  for propagation, a t  least under fall condi­
tions; however, root cu ttings m ade in th e  spring when the  p lan ts are in an active 
s ta te  of grow th m ay give b e tte r  results.
A report in detail of propagation work w ith geranium s was published in the 
Proceedings of the Am erican Society fo r  Horticultural Science, 1937.
Packet Seed Studies. (C lark L. T hayer.) F o r a th ird  season th e  D epartm ent 
of F loriculture  has cooperated w ith th e  Seed L abora tory  in a  study  to  determ ine 
th e  quality  of flower seed sold in re ta il seed stores and in various o ther types of 
re ta il outle ts. T he seeds which were collected by s ta te  inspectors were weighed 
and  analyzed for p u rity  in th e  laboratory  and were tested  for germ ination and 
trueness to  ty p e  under field conditions.
A to ta l of 175 lots com prising 36 different kinds of flowers and packeted by 
28 wholesalers was included in th e  tests. Records on germ ination in th e  field 
showed th e  following results: 113 lots, good; 43 lots, fair; 13 lots, poor; 6 lots, no 
germ ination. Com plete records on trueness to  type  were not obtained because of 
extrem ely adverse seasonal conditions; 97 lots gave sa tisfactory  results, 2 lots 
were fair, 17 were not satisfactory , and for 59 lots th e  records were incomplete. 
D etailed results a re  included in Bulletin No. 96 Control Series, M assachusetts 
A gricultural Experim ent Station.
DEPARTMENT OF HOM E ECONOMICS NUTRITION  
H elen S. M itchell in Charge
Cause and Control of Nutritional Cataract. (H. S. M itchell, G. M. Cook, and
O. A. M erriam .) H um an ca ta rac t is a degenerative change in the  lens which 
causes it to  become opaque w ith gradual b lurring and final loss of vision. Surgical 
rem oval of th e  lens and th e  proper correction by a glass lens restores only a portion 
of norm al vision. T here is no effective therapeu tic  agent for the  prevention or 
cure of ca ta rac t, nor does m edical science know its cause.
The experim ental induction of ca tarac t in ra ts  is a step forward, and allows
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th is pathologic change to  be studied  under carefully controlled conditions. It is 
hoped th a t  th e  resu lts of an im al research m ay ultim ate ly  suggest some clinical 
applications. T h a t ca ta rac t could be produced in ra ts  by feeding a diet a d eq u a te  
in every respect, b u t supplem ented  with galactose, was discovered in 1935. 
A pparen tly  no v itam in  or m ineral deficiency is involved, bu t th ere  is some m et­
abolic d istu rbance as ye t unsolved. This m ethod of producing ca tarac t in a  
few weeks w ithout o th er ap p aren t in ju ry  to  th e  ra t is being used to  study  th e  
influence which o th er d ie ta ry  factors m ay have upon len ticu lar changes. A 
paper on th e  subject was given before th e  New England Ophthalm ological Society, 
Decem ber 21, 1937. A popular review was broadcast from S tation  W AAB over 
th e  Colonial N etw ork, January ' 28, 1938, under th e  auspices of th e  Am erican 
Chem ical Society.
1. Factors Influencing Progressive and Regressive Changes. D uring th e  sev­
eral years of w ork on ca ta rac t, d a ta  on th e  progressive m orphologic changes in 
the  lens were recorded. A careful study  of these d a ta  revealed certain  consistent 
findings which m ight be of particu la r in terest to  th e  ophthalm ologist. In ra ts  
fed on th e  galactose ra tions th e  lens begins to  show, by th e  fifth day, early  changes 
observed th rough  an  ophthalm oscope. A dense shadow appears a t  th e  equato r 
of the  lens and  spreads rapid ly  over th e  a n te rio r surface. T his film, which appears 
to  have a  vacuole or cell-like s truc tu re , th en  d isin tegrates and  disappears before 
the  true  opacities of th e  lens become visible to  th e  naked eye. T he visible ca ta rac t 
appears first as a posterior opacity , th en  becomes nuclear, and  finally th e  entire  
lens is dead w hite instead of th e  clear glassy red of th e  norm al eye. T hese pro­
gressive changes continue even a fte r  th e  ra t  is re tu rned  to  a norm al ration . T h ere  
is ap paren tly  a lag in th e  effect of galactose or else a physiologic sequence of 
events, which, once s ta rted , cannot be a ltered . A fter several weeks on th e  
norm al ra tion  certain  regressive changes seem to  occur, th e  com plete opacities 
again becom ing nuclear in type. A suggested explanation  of th is  la tte r  phen­
omenon is th a t  new lens fibers grow around  th e  opaque ones forcing them  to  th e  
center. T he age of th e  an im al and  th e  ex ten t of th e  in ju ry  seem to  influence th e  
degree of retrogression. These d a ta  plus a  review  of previous w ork were p u b ­
lished in th e  Archives of Ophthal. 19:22, 1938.
2. The Effect of the Type and A m ount of Protein on the Cataract-Producing 
Action of Galactose. I t  was previously reported  th a t  a pro tein  deficiency (5 per­
cent) hastens th e  developm ent of ca tarac t in ra ts  fed on a diet con ta in ing  25 
percent galactose. F u rth e r  w ork indicates th a t  a high level of p ro tein  (45 per­
cent) greatly  inhib its th e  catarac tous change in th e  lens com pared w ith th a t  
observed in ra ts  fed th e  control ra tion  containing 15 percent of protein. T h e  
degree of galactem ia is not significantly a lte red  by th e  level of pro tein  ingested. 
The striking results obtained with ra tions con tain ing  casein led to  th e  use of five 
other sources of p ro tein : egg album in, lac talbum in, beef muscle, fish muscle, and 
soybean meal, fed a t  com parable levels of 5, 15, and  45 percent pro tein . T he 
protective action  of th e  crude proteins m easured in term s of tim e and  incidence of 
m ature ca ta rac t varies to  a significant degree, showing egg album in to  be m ore 
protective an d  th e  o thers less p ro tective  th an  casein. W ith  a lower level of galac­
tose (15 percent), th e  influence of th e  am oun t of protein in th e  d iet becomes m ore 
pronounced. A high incidence of m atu re  ca ta rac t develops when 5 percent of 
protein is fed, early  lens changes occur w ith 15 percent of pro tein , and  com plete 
protection  is comm on w ith 45 percent of protein. As previously reported , th e  
slight inh ib ito ry  effect of cystine upon th e  cataract-producing  action  of galactose 
does not seem to  explain th e  p ro tective  effect of proteins. M ethionine also 
exhibits some inh ib ito ry  action, b u t not com m ensurate with th a t  of protein con­
ta in ing  an  equ ivalen t am oun t of th is  am ino acid. The ab strac t of a paper given
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before th e  Am erican Society of Biological Chem istry, Baltimore, M arch, 1938, 
w as published in Proc. Soc. Biol. Chem. 87, 1938.
3. Effect of Riboflavin and Thiam in Chloride upon the Cataractogenic Action  
of Galactose. W hile no gross sym ptom s of v itam in deficiencies have existed a t  
a n y  tim e, it seemed possible th a t  galactose m ight create an unusual m etabolic 
dem and for certain  vitam ins. Two crystalline fractions of the  v itam in B complex 
were supplied by  M erck & Com pany for th is investigation. R a ts  fed an  adequate  
ra tio n  containing 25 percent galactose showed norm al growth and  approxim ately 
th e  same incidence of ca ta rac t regardless of th e  am ount of extra  v itam in  supple­
m ents. Tw o groups of ra ts  fed massive doses, 2000 m icrogram s riboflavin and 
2000 m icrogram s th iam in chloride respectively, showed an  incidence of cataract 
sim ilar to  litter-m ate  controls receiving 50 and 20 microgram s of each. I t  was 
concluded from these d a ta  th a t  massive doses of riboflavin or th iam in chloride 
•exert no p ro tective  action against th e  developm ent of galactose ca tarac t in rats. 
T his paper was published in Proc. Soc. Exper. Biol. Med. 39:325, 1938.
4. The Influence of Calcium Salts on Lactose Metabolism. Incidental to  the 
work on lactose and  galactose m etabolism  in ra ts  it was noted th a t  certain  calcium 
salts exerted an  inhib itory  influence on lactose absorption . Research now in 
progress is a ttem p tin g  to  explain th e  n a tu re  of th is  inhib itory  action and the 
differences observed betw een th e  different salts used.
A Study of the Nutrition of College W omen with Respect to Vitamin C Re­
quirements. (H. S. M itchell and O. A. M erriam . C onducted as a jo in t project 
with Rhode Island S ta te  College. E . L. B atchelder cooperating.) One of the 
problem s which is a  challenge in th e  field of n u trition  to d ay  is th a t  of finding a 
valid  approach to  an  estim ation  of hum an v itam in  requirem ents. T he estim ated 
in take  of v itam in  C in food plus th e  t i tra te d  ascorbic acid value of th e  urine were 
■chosen as th e  m ost practicable criteria  for th e  s tu d y  of v itam in  C nu trition  on a 
college cam pus.
These survey studies were conducted a t  M assachusetts S ta te  College and at 
Rhode Island S ta te  College w ith 209 freshm an women and  40 jun ior women as 
sub jects. M ost of them  a te  a t  the  respective college cafeterias and  records were 
kept of am oun t and kind of food consum ed for periods of from  8 to  15 days pre­
ceding th e  u rinary  s tudy . One or tw o consecutive 24-hour urine collections were 
m ade by each girl in th e  fall and  again in th e  la te  w inter. Ascorbic acid content 
was determ ined by a modification of T illm ans’ titra tio n  m ethod on the  acidified, 
pooled 24-hour specimen.
Ascorbic Acid Excretion in  the Urine
Place Period N um ber of A scorbic Acid per 24 H ours
and  D a te Subjects
R ange A verage
mg. mg.
Period 1
M . S. C ......... ......... 1936 77 3 to  80 20
M. S. C ........... . . .  1937 71 8 to  78 22
R. I .S .  C . . . . ......... 1937 62 1 to  73 15
Period 2
M. S C ......... ......... 1937 70 7 to  145 33
M . S. C ......... .........  1938 61 3 to  106 27
R. I. S. C . . . ......... 1937 40 2 to  158 28
T he ranges and  averages of excretion values for th e  th ree  groups a t the  same 
season of th e  year were strikingly sim ilar. W hile the  averages were within norm al
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lim its, fully one half of th e  subjects in each group were significantly below w hat 
has been considered an  optim um  value. T he late  w inter excretion values were 
som ew hat higher on th e  average, app aren tly  reflecting an  in terest in increased 
use of orange ju ice and o ther foods rich in v itam in  C. This work was reported  in a  
jo in t publication  en titled : T he V itam in C S ta tu s  of College W omen as D e ter­
m ined by U rinary  Excretion. A uthors: Helen S. M itchell, O reana A. M erriam , 
and  E sther L. B atchelder. Jour. Home. Ec. 30:645, 1938.
The Relation of Iodine or other M inerals to the Prevention of Cholesterol- 
induced Atherosclerosis in Rabbits. (H. S. M itchell, M . Goldfaden, and  G. 
H adro .) T his research is being sponsored by th e  L ang Fund . I t  has been suc­
cessfully dem onstra ted  th a t  gross pathological lesions of th e  ao rta  of rab b its  
m ay be produced by feeding cholesterol. W hen th e  am ount and tim e of cholesterol 
feeding is so controlled as to  produce m oderate aortic  lesions, kelp fed in th e  
ra tio n  along w ith th e  cholesterol m ay p a rtia lly  or com pletely p ro tect litte r-m ate  
rab b its against these pathologic changes, whereas potassium  iodide fails to  give 
th is pro tection . T he cholesterol con ten t of th e  blood of rab b its  on these experi­
m ents indicates th a t  there  is some correlation betw een th e  circulating  cholesterol 
and  aortic  lesions. G row th and  general condition of th e  rab b its  have continued 
satisfactory  th roughout th e  experim ents. This study  is still in progress, w ith 
Miss H adro  as assistan t. W ork com pleted by M ay 1938 was reported  by Miss 
Goldfaden in a M aste r’s thesis, June , 1938.
Nutritional Gizzard Lesions in Chicks. (W illiam  B. Esselen, J r .)  G izzard 
lesions in chicks ap p ear to  be caused by a deficiency of th e  “anti-gizzard-lesion 
facto r” in th e  diet. T he gross pathology is characterized  by  lesions or eruptions- 
in th e  lining of th e  gizzard. F ield observations in M assachusetts during  th e  past 
th ree  years indicate th a t  th is  condition is of economic im portance to  th e  po u ltry - 
men of th e  S ta te . G izzard lesions have been observed in young chicks fed on 
comm ercial chick ra tions which were thought to  be n u tritionally  adequate . In 
such cases th e  deficiency m ay da te  back  to  th e  p aren t stock, th e  eggs from  which 
the  chicks were hatched  being deficient in th e  “ anti-gizzard-lesion facto r.”
Investigations were conducted here to  observe th e  developm ent of gizzard 
lesions in chicks on th e  gizzard lesion producing d iets of A lm quist and  S tokstad  
and of Bird, Kline, E lvehjem , and H art. S tudies were also m ade re la tive  to  th e  
ingredients necessary to  m ake up a d iet which will p reven t gizzard lesions and  th e  
ab ility  of certain  ingredients com m only used in chick ra tions to  p reven t and cure 
th e  condition.
The M assachusetts S ta te  College chick ration , which was used as a  control 
diet, gave practically  com plete p rotection  against gizzard lesions. A study  was 
m ade of the  indiv idual com ponents of th is  ra tion  and  of com binations of th em , 
in order to  determ ine w hy it p revented  gizzard lesions. I t  was found th a t  a mix­
tu re  of 15 percent each of w heat m iddlings, w heat bran , and oat groats, and  4 
percent of alfalfa leaf meal, added to  th e  A lm quist d iet, was alm ost as effective 
as th e  M assachusetts S ta te  College ra tion  in preven ting  gizzard lesions. A lthough 
in th is instance these  am oun ts of th e  supplem entary  d ie ta ry  ingredients effectively 
controlled gizzard lesions, it m ust be realized th a t  th is  m ay not alw ays be true . 
I t  is qu ite  possible th a t  these m ateria ls will vary  in th e ir con ten t of th e  "an ti-  
gizzard-lesion fac to r” depending upon th e ir source, storage conditions, and p re ­
vious h isto ry . Also it is very  probable th a t  chicks from  different sources will 
v a ry  in th e ir susceptib ility  to  gizzard lesions.
T he experim ental evidence obtained po in ts to  th e  fact th a t  th ere  is no correla­
tion betw een ra te  of chick grow th and th e  severity  of gizzard lesions.
T he cu rative  studies showed th a t  dried pork  lung, alfalfa leaf meal, soybean 
meal, oat groats, and w heat m iddlings were all effective, a t least to  some degree,
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n caring g iz z a rd  lesions. Of these the alfalfa leaf meal appeared  to  be the  most 
effective a t the  levels fed. I he M assachusetts S ta te  College ration , which was 
effective in preventing  gizzard lesions, was likewise a very good curative  agent.
It was dem onstra ted  th a t chicks kept for one or two weeks on a  diet which p re­
vented  gizzard lesions, soon developed lesions when changed to  th e  Almcjuist 
gizzard lesion producing diet. These findings provide fu rther evidence th a t  chicks 
do not store any great am ount of the  “ anti-gizzard-lesion facto r” in th e ir body 
and th a t they  do need a constan t source of th is factor in th e ir diet.
A prelim inary s tu d y  with tu rk ey  poults indicated th a t young tu rkeys either 
a re  not susceptible to  nu tritional gizzard lesions or are more resistan t to  them  
th an  are  chicks.
DEPARTMENT OF HORTICULTURAL MANUFACTURES 
W. W. Chenoweth in Charge
Technological Investigations on Apples. (C. R. Fellers, J. A. Clague, and 
A. S. Levine.) T he canning experim ents on baked and glazed apples were con­
tinued  with 20 varieties. Among th e  best for canning are  N orthern  Spy, Baldwin, 
York, Rhode Island G reening and G ravenstein. G lazing in syrup is preferred to 
actually  baking in an  oven. A 40° Brix syrup is recom mended. T he canned 
product is very a ttrac tiv e , of excellent flavor, and keeps indefinitely under gcod 
storage conditions. The addition  of small am ounts of malic or citric acid to  the 
syrup  m aterially  im proves th e  final product.
The canning of apple slices in syrup  is now being investigated. By cooking 
slowly in boiling syrup, or by vacuum ization, the  gases a re  rem oved from the 
tissues. W hether or not canned sliced apples in syrup  will prove to  be a gocd 
dessert fru it cannot be an tic ipa ted . W'e feel th a t the  possibilities are  bright.
Apple pectin ex tracts have been m anufactured  experim entally  with a view to 
obtain ing  a stable, hom e-prepared yet effective, jellying agent. T he varying 
of th e  hydrogen-ion concentration  of the  extracting  medium  produced marked 
differences in pectin yield, sugar streng th , and jelly streng th  of th e  pectin extracts. 
An increase in hydrogen-ion concentration increased pectin yield and sugar sup­
porting  capacity  of the  ex tract. Exposure of th e  sliced fruit to  air before ex trac­
tion was inim ical to  th e  sugar streng th  of liquid apple pectin. T he longer the 
exposure, the  g reater became the  destructive  pectinase enzym e action. Storage 
of th e  ex tracts a t  high tem pera tu res resulted in a loss in viscosity and sugar 
streng th . T he use of Clarase and d iastase preparations effectively cleared 
apple pectin ex tracts from starchy  suspensions. In most cases pectin quality  
was in jured  to  some extent by the  use of clarifying enzymes.
V itam in C determ inations were m ade on 30 additional varieties of apples during 
th e  harvesting  season. As previously reported, extrem e variations in v itam in C 
conten t occur am ong varieties.
Nutritive Studies on Fresh and Processed Fruits and Vegetables. (C. R.
Fellers, W m. B. Esselen, Jr., W. A. M aclinn, and C. F. D unker.) The v itam in C 
investigations on raw  tom atoes and processed juice have been continued for the 
th ird  successive season. .Since the  results a re  being published in full in Bulletin 
354, they  are  not discussed here.
A dditional work on spinach showed th a t  fresh, raw  spinach contains from 400 
to  450 in ternational units of v itam in C per ounce. T he loss on cooking was from 
33 to  67 percent depending on the  am ount of cook w ater used; in general,the  larger 
the  am oun t of w ater, th e  g reater the  loss. From  10 to 30 percent of the  original
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vitam in  C in th e  spinach could be recovered from th e  cook water. Freezing and 
incidental operations caused a loss of abou t 45 percent of the  v itam in  C, and 
canning 60 to  65 percent. D ehydration  of spinach resulted  in to ta l destruction  
of v itam in  C.
D ehydroascorbic acid was not found in e ither raw, frozen or canned spinach. 
Iodine titra tio n  values for ascorbic acid averaged 19 percent higher th an  the  
indophenol values. Satisfactory  checks were obtained on both raw and cooked 
spinach by th e  indophenol dye titra tio n  and anim al bioassay m ethods.
In a study  m ade to  determ ine the  effect on vitam ins B 1 and  B 2 (G) of freezing 
and  canning vegetables, work has been com pleted on asparagus, peas, lima beans, 
and  spinach with the  following results:
P ercen tage R eta in ed —
V egetable
Raw  V egetables 
In te rn a tio n a l U nits On On
per G ram Freezing C anning
B , b 2 B , B , B , B,
A sparagus............................. ................ 0 .66 0 .48 74 95 71 78
P e a s ......................................... ................ 1.48 0.61 97 100 66 100
Lima B ean s .......................... ................ 0 .65 1.09 46 84 25 73
S p in ach .................................. ................ 0 .4 1.54 92 91 87 38
T hus, generally speaking, bo th  frozen and canned vegetables a re  good sources 
of both v itam ins B! and  B ? .
Extrem e varia tions were shown in ascorbic acid con ten t of fresh spinach, peas, 
and o ther vegetables as delivered to  the  Boston m arket th roughout th e  year. 
M assachusetts-grow n spinach varied from .14 to  .47 m illigram s of ascorbic acid 
per gram  and  was no higher in ascorbic acid th an  shipped-in spinach from  Texas 
or Virginia. T he sam e holds tru e  for m ost o ther vegetables. T he average values 
for fresh vegetables when cooked were approxim ately  the  sam e as for th e  frozen 
product.
Freezing and  canning processes were only slightly  destructive  to  th e  carotene 
con ten t of vegetables. F o r th e  m axim um  re ten tion  of bo th  ascorbic acid and 
carotene in fresh or frozen fru its and vegetables, p recautions m ust be taken  to  
avoid exposure and oxidation.
A m ethod for the  estim ation  of carotene in green vegetables has been published 
(Proc. A m . Soc. Hort. Set. 52, 728-733.) In spinach, th e  m ean ra tio  of v itam in  A 
potency (in in te rnational units per gram , as determ ined by th e  ra t  assay) to  
carotene con ten t (in m icrogram s per gram ) was 1.7. By using th e  above value, 
fresh, frozen, canned, and  dehydrated  spinach contained, respectively, 718, 545, 
481 and 495 in ternational units of v itam in  A per gram . Storage of canned and 
frozen spinach for several m onths had no effect on its v itam in A content.
Possib le N utritional Aspects of A rthritis. (W m. B. Esselen, J r . and C. R.
Fellers.) In th is research project, conducted under th e  Lang Fund , it was p re­
viously found th a t iodine, kelp, and v itam ins B j ,  B 2 (G), and  D in the  diets 
of guinea pigs had no effect on th e  developm ent or the  pathology of scurvy.
T his study  has been continued with an investigation on th e  curing of scurvy 
in guinea pigs. Guinea pigs were kept on a v itam in C-free ra tion  until scurvy 
had developed; then  fed optim al am oun ts (10.0 mgm.) of v itam in C daily . In 
add ition  to  th e  v itam in C trea tm en t some of th e  groups of anim als were fed
10,000 in ternational units of v itam in D daily, or received 10 percent of dried 
yeast in their ra tion  as a  source of v itam ins B j and B 2 (G). T he results indicate 
th a t  re la tively  large am oun ts of v itam ins B j and  B 2 (G), in addition  to  optim al 
am o u n ts of v itam in C, in th e  diet of scorbutic guinea pigs were of value in h a sten ­
ing th e ir recovery from  scurvy.
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Bone ash studies m ade on th e  anim als used in th e  above investigation showed 
th a t  th e  ash con ten t of guinea pig femurs decreased from 60 to  70 percent down 
to  35 to  40 percent in severe scurvy. As th e  scurvy was gradually  cured, th e  ash 
con ten t of th e  bone increased. T his increase in th e  ash content of th e  bones 
tended  to  v a ry  d irectly  w ith th e  ra te  of recovery. V itam in D did no t app ear to  
have any m arked effect on th e  ash con ten t of guinea pig femurs e ither during th e  
developm ent or during th e  cure of scurvy.
Preservative Effects of Acetic and Benzoic Acids. (A. S. Levine, M. G. O’Con­
nor, and C. R. Fellers.) Investigations have been s ta rted  to  determ ine th e  specific 
effects of benzoic acid and  acetic acid (vinegar) on bacteria , yeast, and  m olds as 
re la ted  to  food and beverage preservation. T he an tisep tic  p roperty  of acetic 
acid m ay be due not to  hydrogen-ion concentration  alone bu t also to  the  un­
dissociated molecule. T his acid is, in itself, bactericidal and enhances th e  pre­
servative  p roperty  of sugar and salt. I t  also decreases th e  processing tim e re­
quired for canning products to  which it is added.
Benzoic acid and benzoate sa lts have long been used as food and  beverage 
preservatives. T he m echanics of th e  preservative  action is under investigation. 
These sa lts act w ith m uch greater effectiveness a t pH  values below 5.6 than  above 
th is poin t and  approaching neu tra lity . T he storage life of haddock and cod 
fillets was greatly  increased by dipping in a 5 percent salt brine containing from 
.15 to  .3 percent sodium  or m agnesium  benzoate. T he use of benzoated ice for 
icing round fish m aterially  im proved keeping quality . T he use of benzoate in 
foods is legal b u t m ust be declared on th e  shipping containers.
Cranberry Research. (C. R. Fellers, A. S. Levine, and W in. B. Esselen, Jr.) 
C ooperative c ranberry  storage experim ents have been conducted for th e  th ird  
and  last year. Carbon dioxide-oxygen ra tios were determ ined on m onthly  sam ples 
of E arly  Black and Howes cranberries stored a t  35°, 45°, 55°, and 60c F . The two 
lower tem pera tu res were again superior for storage of ripe or sem i-ripe berries.
C ranberry  sauce packed w ith a dextrose-sucrose ra tio  of 1 :3 had a b e tte r 
flavor as determ ined by judging experim ents th an  did th e  100 percent sucrose 
or th e  1:1 ra tio  pack. T ests were conducted m onth ly  for five m onths w ith the 
above results.
Two new products have been investigated  for developm ent: c ranberry  relish, 
a  pleasing com bination of cranberries, oranges, and sugar preserved with 5 per­
cen t alcohol; and cranberry  wine, th e  ferm entation  product of c ranberry  juice 
reinforced w ith th e  deficient elem ents necessary for yeast ac tiv ity .
T he m anufacture of c ranberry  juice has been described in a paper published 
in th e  Fruit Products Journal, Vol. 18, No. 7, 1939. T his is th e  first published 
artic le  on cranberry  juice and is a result of studies extending over a period of 
five years.
S tudies on experim ental and  com m ercial packs of canned cranberry  sauce 
show th a t  th e  approxim ate  am oun t of decayed fru it used in m aking the  sauce 
can be determ ined by m eans of a m icroscopic exam ination of th e  sauce. The 
te s t consists in ascertain ing  th e  percentage of m icroscopic fields showing th e  
presence of mold filam ents. T he presence of mold in more th an  50 percent of th e  
fields indicates th a t  an excessive am ount of decayed fru it was used in the  sauce. 
Q u an tita tiv e  aspects of th is problem  are  now under s tudy  so th a t  the  inform a­
tion  m ay be available to  th e  c ranberry  packers before th e  1939 season.
S tudies of im m ature, half-colored, and fully ripe cranberries show th a t there  is 
no appreciable increase in v itam in  C conten t w ith advancing m aturity .
Hem oglobin regeneration te s ts  with anem ic albino ra ts  showed th a t th e  iron 
of cranberries was fairly  well utilized in th e  regeneration of th e  red blood cells.
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Fresh  cranberries contained abou t one in te rnational unit per gram  of v itam in  
A, no v itam in  B t , and approxim ately  0.15 B ourquin-Sherm an units per gram  
of v itam in  B 3 (G).
Currant Juice and Jelly. (Julius N ovick and  C. R. Fellers.) C u rran t juice 
has a pH of 3.45 and contains approxim ately  2.04 percent citric acid, .46 percent 
pectin , and  7.5 percent soluble solids. T he fresh cu rran ts  and  juice, which are 
high in v itam in  C (180 in ternational units per ounce), also contain  considerable 
caro tene. Two short ex tractions in boiling w ater produced th e  most sa tisfactory  
juice for jelly  m aking. T he optim um  acid concentra tion  in cu rran t w ater ex tract 
was from  .3 to  .5 percent. Excess acid ity  resulted in decreased v iscosity  and 
jelly  yields. D iasta tic  enzym es did not aid  in clarifying th e  juice. T he concen­
tra tio n  of juice prior to  th e  add ition  of sugar definitely decom posed th e  pectin , 
while sugar added  a t  th e  s ta r t had no d e trim en tal effect.
Suitability of Dextrose as a Food Ingredient. (C. R. Fellers and A. S. Levine.) 
L aboratory  work has been extended to  include canned fru its an d  vegetables, 
jam s, preserves, jellies, m arm alades, fru it b u tte rs , soda fountain  crushed fru its 
and syrups, sweet pickles, and apple sauce. In general, from 20 to  33 percent of 
the  to ta l added  sugar m ay be in the  form of dextrose. Because of crystallization , 
th e  concentra tion  of dextrose in fru it p roducts m ust be under ab o u t 40 percent. 
Im provem ent in q u a lity  resulted  in some products con tain ing  dextrose in place 
of a p a rt of th e  sucrose. A m ateria l saving in cost can be effected by  using dex­
trose  in place of sucrose in foods. A paper appeared  in th e  A m . Jour. Public  
Health for February , 1939, on th e  use of dextrose in th e  food industries an d  the  
public health  aspects involved.
The Potato as an Anti-scorbutic. (M ary  E. Lyons and  C. R. Fellers.) Because 
of its extensive use, th e  po ta to  is of exceptional n u tritio n a l in terest. Sam ples 
were ob tained  from 10 potato-grow ing regions of th e  U nited S ta tes and com pared 
as to  their con ten t of v itam in  C. No significant geographic v a ria tions in v itam in  
C content were found. T he average value of 87 in te rnational un its  per ounce 
for th e  raw  po ta to  is ju s t ab o u t equal to  th a t  of canned to m a to  juice. In eight 
varieties th e  average loss in v itam in C during baking was 49 percent and  in boil­
ing whole in th e  skin 37 percent. T here  was no correlation betw een size or m a t­
u rity  of tu b er and v itam in  C con ten t. By far th e  g reatest concen tra tion  of 
v itam in  C in th e  baked p o ta to  is in th e  cen tra l core area.
DEPARTM ENT OF HORTICULTURE 
R. A. Van M eter in Charge
Horticultural Value and Culture of Perennial Asters. (R ay M. Koon, W altham .) 
Four hundred and  tw elve species and varie ties of A sters have been observed and 
evaluated  as excellent, good, fair, or “ of no h o rticu ltu ra l v a lue .” Of these, 92 
ra te  as excellent an d  74 as good; th e  o thers have little  m erit except for n a tu ra liz ­
ing or hybridizing. M any  collected from  o th er s ta te s  and  from  abroad  fail even 
to  equal th e ir re la tives growing wild in our fields and along our highways.
Of those rank ing  as excellent, the  following are  recom m ended for th e  M ay-to- 
O ctober garden in M assachusetts:
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S ta r of Eisenach (A . subcaeruleus) 
W onder of Stafa (A . Thomsoni)
King George (A . amellus)
G eneral Pershing (A . amellus)
Silver Spray (A . cordifolius) 
H arrin g to n ’s P ink (A . novae-angliae) 
M r. E verest (A . novi-belgii)
B u rbank’s C harm ing (hybrid
Dr. Eckner (A . novae-angliae)
M t. Rainer (A . novae-angliae) 
Charles W ilson (A . novi-belgii) 
Skylands Queen {A . novi-belgii) 
Helen D urw ard (A .laev is)  
R em em brance ( A . novi-belgii) 
C am pbell’s P ink (A . oblongifolius) 
of unidentified parentage)
A form  of th e  ra th e r ra re  w hite novae-angliae sent by an am ateu r in W ash­
ington S ta te  to  W altham  for tria l proved superior to  th e  type  and has been named 
M t. R ainier by th e  investigator. T his A ster was shown a t H orticu ltu ral Hall 
and  received th e  Award of M erit of th e  M assachusetts H orticu ltu ral Society.
By popular acclaim  th e  m ost a ttra c tiv e  fall-blooming A ster in the  collection 
was H arrin g to n ’s Pink, a novae-angliae discovered in a  small nursery in Cedar 
Point, Iowa. I t  is th e  only tru e  p ink A ster in cu ltivation  and prom ptly  received 
th e  Aw ard of M erit of th e  M assachusetts H orticu ltu ra l Society. T his varie ty  
has been crossed with several o thers in an  a tte m p t to  produce some clear pink 
dw arfs of which none exists a t  present.
T he long sta lks of such varieties as Dr. Eckner, R vecroft Purple, Red Cloud, 
and certain  o thers a re  u n a ttrac tiv e . I t  was found th a t  these p lants, which usually 
grow to  six feet, can be pinched back advantageously  June  1 and  again Ju ly  1, 
reducing th e  height and greatly  im proving th e  appearance.
If exhibition p lan ts of novae-angliae and  novi-belgii are desired, only one shoot 
from  a clum p should be allowed to  grown
Am ellus varieties, of which K ing George, R udolph Goethe, and Jacqueline 
G enebrier are examples, flowered best as two-year-old plants. On th e  o ther hand, 
th e  novi-belgii group, wffiich have given more garden varieties th an  any o ther 
species, should be divided each year.
W ith th e  exception of subcaeruleus and  alpinus, which should be p lanted  in the  
spring, it m ade little  difference w hether A sters were set ou t in April or Septem ber. 
P lan ting  a fte r grow th is well sta rted  in m id-M ay wall result in stun ting . October 
p lan ting  does not allow plan ts sufficient tim e to  establish them selves before 
freezing w'eather. M any varieties will survive a fte r delayed au tu m n  planting 
b u t it is a practice uncertain  of success.
Carl F r ik a r t’s splendid Aster, W onder of S tafa (Sw itzerland), a seedling of 
Thomsoni, has failed to  survive a t  W altham  th ree  w inters ou t of five.
A ttem p ts to  cross several species and varieties have resulted in very few viable 
seeds. M ost of th e  popular nam ed hybrids a rc  sterile.
Clematis Propagation. (George Graves, W altham .) W hole-stem , summer- 
m ade in ternodal cu ttings from potted  p lan ts of various hybrid varieties indoors 
showed considerable varia tion  in rooting tim e. T his variation  was due, ap p ar­
ently , to  age and  tim e of cuttings, or to  auxin trea tm en t a t  tim e of making. 
R ooting media, hum idity , and m oisture control or o ther cu ltu ral particulars ware 
applied generally and cannot be looked to  for variables.
Since single-node in ternodal C lem atis cu ttings are aw kw ard to  handle, auxin 
was applied in dust form  (talc  or charcoal im pregnated w'ith naphthalacetic , 
indoleacetic, or indolebutyric  acids) to  bases of individual cuttings. Results in 
these beginning tes ts  were mixed. On the  whole, talc  seemed to  be a b e tte r 
carrier th an  charcoal. Easy-rooting varieties such as Mine. Edouard Andre or 
Countess de B ouchard were much accelerated in rooting by auxin trea tm en t. 
On th e  o ther hand, some of th e  stem -rooting varieties which do not seem to  root 
a t  th e  ex trem ity  of the  cu tting  did not show such speeding up. In fact, check
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cu ttings of th e  v a rie ty  Belle of W oking rooted before those which were auxin 
trea ted , a lthough th is last condition m ay have been caused by o ther factors.
W ith  all varie ties tested , a high percentage of successful rooting was accom p­
lished w ithout application  of auxin.
Delphinium Propagation. (George G raves, W altham .) T he work th u s far has 
been a rechecking under local conditions of E uropean practices and of th is in­
v estig a to r’s own published reports on th e  subject.
This recheck has determ ined th e  com m ercial feasibility  of vegeta tive  increase 
of healthy  and  w orthw hile D elphinium s by four m ethods of procedure:
1. C uttings tak en  indoors during  late  w inter or very early  spring for po tted  
stools carried a t  a tem p era tu re  of 50° F.
2. C u ttings tak en  from outdoor p lan ts in late  M arch.
3. Scantily  rooted bases of flowering stem s po tted  and trea ted  as cu ttings 
ju st a fte r first flowering.
4. O utdoor division of th e  stool.
In general, cu ttings are  new shoots pulled off w ith heels while still bu t a few 
inches high. C u ttings and poorly rooted divisions are best handled in individual 
pots in sandy soil or a m ixture of half soil and half sand. F ifty  degrees F ahrenheit 
(50° F.) is an ideal tem p era tu re  for all operations connected w ith th e  propagation  
of Delphinium s from cu ttings.
The use of healthy  stock p lants, hot w ater trea tm en t for m ites, and  protection 
against cutw orm s a t  p lanting  tim e a re  all im portan t in th e  p ropagating  program .
Beach Plum. (George Graves, W altham .) R oots of four clones of Beach plum  
(Prunus m aritim a), selected for season or q u ality  of fru iting , were sent in from 
M arth a ’s V ineyard by Mrs. W ilfred O. W hite, New ton C enter, Mass.
From  observation of th e  behavior of th is m aterial, it has been confirm ed th a t  
individual clones of Beach plum  m ay be propagated  in fram es or in th e  open by 
the  simple process of p lanting  segm ents of sizable roots e ither with apical end 
down and basal end a t soil surface, or by shallow horizontal planting.
Also, propagation  by cu ttings has been found bo th  possible and  practical. 
This m ethod, however, requires m ore knowledge of th e  processes of v eg eta tive  
propagating  technique.
Propagation by  grafting  or budding would seem to  be unnecessary, u n sa tis­
factory, and  illogical.
Study of Hardy Ornamental Plant M aterial. (H arold S. T iffany, W altham .) 
Each year selection and  hybrid ization  are producing types and form s in th e  p lan t 
world d istinctly  in advance of th e ir predecessors. A study  of th e  trad e  catalogues 
of herbaceous perennials reveals a  need for th e  inclusion of m any of th e  newer 
sorts in place of certain  old s tan d ard  varieties. M uch as he m ay desire to , th e  
nurserym an often finds it difficult or im practical to  acquire  from th e  B ureau of 
P lant In d u stry , to  im port from abroad , and to  tes t on his own grounds p lan ts of 
uncertain value. T here  had been no organized study  of such m aterial in th is 
region previous to  th e  establishm ent of th e  p lant tria ls a t W altham . T his collec­
tion is proving of g reat value to  th e  com m ercial p lant grower and to  th e  public 
directly  who have convenient access to  th e  plantings.
T he tes tin g  of 1551 species and  varie ties of herbaceous ornam entals has shown 
th a t  certain  ones are definitely unsuited to  th is clim ate because of tenderness 
and th a t  o thers a re  unw orthy  because th ey  possess com paratively  little  garden 
value. T he factors of (1) hardiness, (2) q u a lity  and duration  of bloom, (3) com ­
p a ra tiv e  v ita lity , (4) susceptib ility  to  pests, and (5) propagation  m ethods con­
s ti tu te  th e  basis on which garden value has been determ ined.
At in tervals, th e  N urserycu ltu re  Bulletin is sent to  some 300 nurserym en in 
th is  s ta te  to  acq u a in t them  with the  results of these investigations.
80 MASS. E X P E R IM E N T  ST A T IO N  B U L L E T IN  355
T his year 1140 accessions have been added to  th e  collection m aking a  to ta l of 
2485, a sufficiently com prehensive num ber from which definite recom m endations 
a s  to  th e ir ra tin g  will be made.
In tensive study  has been given to  8 varieties of A ubrieta, 31 varieties of D el­
phinium , 35 varieties of H euchera, 31 varieties of Dwarf Iris, 72 varieties of 
Lilium , 40 varieties of Papaver orientate, and 38 varieties of T ulipa (species). 
As evidence of the  m erits and faults of th e  various members of these groups is 
obtained, their ra tings which have previously been undefined are becoming 
■established.
DEPARTMENT OF OLERICULTURE 
Grant B. Snyder in Charge
Shape Index Studies of Tomatoes. (W. H. Lachm an.) Studies in previous years 
indicated  th a t shape indices were quite  reliable for m aking q u an tita tiv e  com pari­
sons am ong varieties of tom atoes. Shape indices, therefore, would appear to  be 
a valuable tool where sa tisfactory  com parisons of varieties a re  necessary and to 
ascertain  w hether progress is being achieved in ty p e  im provem ent during the 
course of a  tom ato  breeding project.
These studies have been continued and have been m ade to  include the  effect 
of soil variab ility  upon th e  shape of tom ato  fru its as well as clim atic influences 
on th e  modification of form. Yield records also have been obtained in an effort 
to  determ ine how large th e  yield differences am ong varieties m ust be in order 
to  be significant.
On th e  basis of the  records of one year, a difference in yield of 30 percent was 
found necessary to  indicate significance.
Sw eet Corn Breeding. (W . H. Lachm an.) M ore th an  1600 p lan ts of eight 
varie ties of sweet corn have been inbred in an  effort to  isolate pure lines which 
excel in uniform ity of earliness, p roductiv ity , disease resistance, and quality . 
Two hundred of these inbreds show a m oderate to  high degree of resistance to 
bacteria l wilt as well as freedom  from lodging during  th e  period of m atu rity .
Soil Preparation for Vegetables. (W. H. Lachm an and  G. B. Snyder.) Tillage 
m ethods prior to  seeding or p lan t se tting  in th e  field is considered im portan t by 
vegetable growers. D uring th e  past sum m er a com parison was m ade between 
norm al tillage and ro tary  tillage, to  s tu d y  th e ir relative m erits in th e  incorpora­
tion of organic m atte r in the  soil and  their influence upon availability ' of nutrients 
as well as upon yield and  q uality  of several vegetables. Abnorm al weather 
conditions during th e  sum m er appear to  have m asked any  significant differences 
which m ight have been displayed during  a  norm al growing season.
Tomato Breeding. (W. H. Lachm an.) M ost comm ercial varieties of tom atoes 
have a  green to  yellow-red coloration of th e  shoulders when firm ripe. This 
character is undesirable from  both  th e  fresh m arket and  can-house view point.
G enetical studies involving several uniform  ripening stra ins and four com ­
mercial varieties of tom atoes have been carried to  th e  second generation. The 
selections m ade, while all determ inate  in grow th, are very  prom ising in com bin­
ing earliness, yield, qua lity , and  uniform  ripening.
Cultural Practices Prior to Field Setting as Influencing Yield and Quality of 
Peppers. (W . H. Lachm an.) T he yield of early  peppers is of v ita l im portance 
to  th e  m arket gardener. M ethods of handling p lan ts prior to  field se ttin g  were
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stud ied  in o rder to  observe their effect on earliness, yield, and quality' of th e  
fru its  produced.
F ive lots of W altham  Beauty' p lan ts were grown and trea te d  as follows: L ight 
added  from  5 to  11 p. m., phosphorus added, dextrose added, p lan ts po tted  in
4-inch pots, p lan ts blocked out in flats 10 days prior to  field se tting . Each t r e a t ­
m ent was replicated  five tim es.
T hree  pickings were m ade before August 1. T he p lan ts grown in pots w ere 
more vigorous and  produced 50 percent more fru it by weight th an  those of any 
o ther trea tm e n t. T he fru it was of good size and quality .
Asparagus Investigations. (R obert E. Young, W altham .)
Varietal Improvement. Ind iv idual y'ield records for 278 selected asparagus • 
p lan ts have been kept for th e  past 6 years. T he y'ields of these as a  group v a ry  
from  year to  y'ear. T his last y’ear th e  y'ields were very  low, and th is  condition 
seemed to  exist th roughout th e  S ta te , for comm ercial growers reported  poor crops. 
The reason for th e  reduced yields over a  large a rea  was ap p aren tly  unfavorable 
w eather. A t Boston, th e  w eather records indicate th a t  th e  tem p era tu re  for M ay 
was slightly' below norm al and for Ju n e  was very slightly' above norm al. T he 
rainfall for b o th  m onths was considerably above norm al, and  th is  excess ra infall 
no doubt re ta rded  developm ent of th e  asparagus buds by keeping th e  soil cold. 
These buds developed a fte r th e  harvest season and  produced a larger num ber of 
sum m er sta lks th an  norm al. T he increased sum m er grow th was an  indication 
th a t  reserve food was in th e  asparagus crowns bu t was not used up because of 
unfavorable w eather conditions.
From  th e  y'ield records of these  p lan ts certain  ones were selected for p a ren ts. 
Seed from high-y'ielding p lan ts was p lan ted  in 1936 and th e  crowns set ou t in
1937. W hile yield records will not be tak en  un til next season, considerable differ­
ence in vigor was noted  in th e  sum m er grow th. T here  was a surprisingly sm all 
difference in th e  num ber of sta lks produced th e  year th e  p lan ts were set out 
com pared w ith th e  second year of grow th.
The order of grow th of these stra ins from  highest to  lowest is th e  sam e as th e  
average of y'ields produced by' th e  tw o paren ts, and  it is hoped th a t  th is re la tio n ­
ship will continue in th e  yield records. If th e  g row th -y ield  relationships are  th e  
same for young p lan ts as th ey  have been proved to  be for p lan ts of harvesting  
age, several of th e  new stra ins should be a definite im provem ent in asparagus 
varieties. I t  will requ ire  several more years of breeding work to  ob tain  th e  
desirable characteristics in an  im proved v a rie ty  of asparagus. However, th is 
work may' be hastened by' asexual p ropagation .
Depth of P lanting and Height of Cutting. T h is is th e  n in th  y'ear of th is experi­
m ent, which was designed to  determ ine how th e  harvesting  of spears of varying 
lengths of green would affect th e  yield and life of an asparagus p lanting . T he 
yields th is year a re  th e  lowest th a t  have been obtained in th is experim ent.
In a y'ear of low yields th e  height a t which th e  spear was cu t did not affect the  
yields an y  differently' th an  in previous years of good yields. F rom  th e  s ta n d ­
point of th e  asparagus grower, m axim um  yields may' be obtained by allowing th e  
spear to  grow to  8 inches and  cu ttin g  1 inch below th e  soil, th u s  producing a
9-inch bunch w ith 8 inches of green.
In th e  dep th-of-p lan ting  experim ent th e  yields th is year show th a t  where th e  
soil is kep t cold during  m ost of th e  harvest period by excessive rainfall, th e  sha l­
low -planted  asparagus will produce considerably m ore th an  th e  deeper-planted 
crown.
Trellis Tomato Experiments. (R obert E . Y oung and Paul W. Dem psey, 
W altham ; Alden P. T u ttle , A m herst.) T his is th e  th ird  year of th is  experim ent 
designed to  determ ine which of th e  m any cu ltu ra l and fertilizer practices used
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by  growers produce th e  best and earliest yields. W ork is being conducted  bo th  a t 
W altham  and a t  A m herst. The heavy rains during Ju ly  flooded th e  p lo ts a t  
A m herst, killing some of the  p lan ts and  practically  destroying th e  experim ent. 
A t W altham  the  dam age was not so severe bu t there  was a  general reduction  of 
grow th and vigor over all plots. The hurricane prevented  com pletion of th e  
harvest records.
I t  was ap p aren t th a t  if p lan ts did not have th e  fru it form ed before th e  heavy 
ra ins th ey  were unable to  set and  m ature  fru it a fte r th e  w eather im proved.
In general, th e  trea tm en ts  th a t  produced th e  best early  yields also produced 
th e  best to ta l yields. T he value of com m ercial fertilizer was shown th is  year 
in th a t the  plots which received m anure bu t no fertilizer produced only about 
half as m uch fruit as plots receiving m anure and one ton of 5-8-7 fertilizer per 
acre.
In previous years, the  p lan ts not staked  were low in early yield bu t produced 
alm ost as m uch fruit for the  season as did th e  staked p lants. This year, the  wet 
w eather app aren tly  affected th e  p lan ts on th e  ground more th an  those staked, 
because th e  early  yields for the  flat-culture p lan ts were abou t one-th ird  those 
of the  staked  p lan ts, and  th e  to ta l yield abou t one-half.
T he highest yield was from p lan ts th a t  had been po tted  and tra ined  to  a single 
stem , largely because there  are  alm ost tw ice as m any p lan ts per acre when they 
a re  tra in ed  in th is m anner. However, where land is scarce or expensive, the 
tra in ing  of p lants to  a  single stem  instead of the  usual tw'o would increase the 
income per acre considerably.
T he plots th a t  received no fertilizer, and  th e  plot where th e  p lan ts W'ere not 
staked, produced ou tstand ing ly  low yields. T here was a heavy set of fruit on 
some plots and alm ost none on o thers when th e  storm  blew' th e  fru it off th e  vines.
Vegetable Breeding for Improvement of Quality. (R obert E . Young, W altham .)
Lettuce, New York Type. (In cooperation with U nited  S ta tes D epartm ent of 
A griculture.) T his past season was very  good for lettuce, and  practically  all 
varie ties headed well. T he percentage of heads cu t in growers’ fields was from 
25 to  100 percent b e tte r th an  in norm al years.
W hile it was a  good year for th e  gowers, it was unsa tisfac to ry  for breeding 
lettuce  because alm ost all the  stra ins headed well. T he New \ o r k  12 strain  in 
th e  tria ls headed approxim ately  40 percent b e tte r th an  during  th e  last two 
years. T he records indicate th a t in years of good w eather New' Y ork 12 heads 
a t  least as w'ell as any o ther comm ercial stra in , bu t when th e  w eather is a little 
adverse it is one of th e  first stra ins to  show' a  reduction in th e  percentage of 
m arketable heads.
Im perial 44, developed in California by th e  U nited  S ta tes D epartm ent of 
A griculture, was tried . On th e  fairly heavy soils a t  W’a ltham  it headed excellently 
an d  was of fair size. Some of the sam e p lan ts in tria ls on a light sandy soil in 
D ighton headed only fairly w'ell, and were too small to  be salable.
T rials conducted  on a comm ercial lettuce  grower's farm  in D ighton, in the 
center of th e  most intensive le ttuce  section, have shown th a t  th ere  is considerable 
difference in behavior of stra ins as com pared with those grow'n a t W altham .
Varieties New Y ork 12 and 15 are  still recom m ended for growers’ use. Im perial 
847 and 44 are certain ly  worth a trial.
Greenhouse Lettuce. T he supply of stock seed of Bel-M ay lettuce  was replenished. 
T h e  work with the  hybrid m aterial under w ay for th e  past few' years has been 
continued, bu t m uch purification rem ains to  be done before a  satisfactory  lettuce  
can  be obtained. T he q u a n tity  of greenhouse lettuce  grown for th e  B oston 
M arket rem ains abou t th e  same.
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Celery. T he varie ta l im provem ent work w ith celery has been w ith th e  early 
green ty pe. Seed ob tained  from  sm all growers in ano th er section of th e  coun try  
seemed to  be well ad ap ted  to  our soil, clim ate, and  m arket. T he m ost im portan t 
im provem ent needed in th is stra in  is un iform ity  of height, and to  obtain a more 
uniform  stra in  75 single p lan t selections have been m ade.
T o te s t th e  desirab ility  of th is celery, which has been nam ed Sum m er Pascal, 
sam ples were sent to  growers who asked for them . T he results of these tria ls 
have been very gratifying. Sum m er Pascal seems to  be a celery th a t  m ay be grown 
early  and  late , can be bleached w ith paper, and  gives th e  consum er celery of 
pascal qua lity . I t  requires ab o u t two weeks longer th an  w hite celery to  bleach. 
It has very th ick-m eated  sta lks which are  very  sm ooth on th e  outside and bleach 
to  cream y white. A lthough im provem ents a re  no t com pleted, sam ples will be 
d istribu ted  for trial.
Tomatoes. A lthough th e  W altham  Forcing T om ato  has become th e  stan d ard  
v a rie ty  for greenhouse use, a tte m p ts  to  im prove it have continued. T he use of 
th is stra in  as a  trellis to m ato  was alm ost double w hat it was last year. Trellis 
T om ato  22 sent out for tria l has been well received by those who have had trouble  
obtain ing  good-sized fru its  from o ther stra ins of Com et.
Breeding for the  purpose of producing an  earlier stra in  continued, and  has 
progressed to  the  point where one stra in , nam ed E arly  Trellis, will be released to  
growers for tria l in 1939. E arly  Trellis produced alm ost tw ice as m uch early 
fru it as th e  best com m ercial stra ins of Com et. T om atoes obtained in th e  first 
three  pickings are  considered early  fru it.
In th e  v a rie ty  tria ls th is year, th e  percentage of No. 1 fru it varied from 25 for 
Earliana and 38 for M arglobe to  70 for W altham  Forcing. T he ou tstand ing  
feature  of th e  Com et stra ins of tom atoes as com pared w ith o th er varie ties is the  
high percentage of sm ooth No. 1 fru its produced.
Rutabaga or Cape Turnips. E xtensive tria ls of grow ers’ and seedsm en’s stra ins 
of white and yellow ru tab ag as were conducted  a t  th e  Field S ta tion  and in Bristol, 
P lym outh, an d  B arnstable  Counties. T he W hite Cape ru tab ag a, developed on 
Cape Cod, was superior to  th e  best yellow when grown on th e  Cape and a t  th e  
Field S ta tion . In the  Plym outh  C ounty  tria ls th e  W hite Cape stra in  was th e  best 
white va rie ty  bu t tw o yellow varie ties were ju st as desirable from the  standpo in t 
of production. In th e  Bristol C ounty  tria ls th ere  was no t m uch difference betw een 
the  best w hite stra in  from Cape Cod and th e  best local stra ins; it was in th is 
tria l th a t  tw o yellow varieties, L auren tian  and Long Island Im proved, were so 
uniform  and free from  side roots.
At th e  Field S ta tion  five root selections m ade from W hite Cape last year were 
tried. One of these selections was yellow in color bu t has th e  foliage and growth 
of the  W hite C ape; it will be of value to  some growers who raise bo th  w hite and 
yellow.
One half of each v a rie ty  p lo t received borax a t  th e  ra te  of 15 pounds per acre, 
and the  o th er half was left for check, to  determ ine varie ta l susceptibility  to  black 
heart, th e  borax deficiency disease. Sam ples were taken  from each plot for the  
chem ical studies on borax  deficiency th a t  are  being carried on by th e  D epartm en t 
of C hem istry , A m herst. Because of th e  ra in y  season, no b lack  heart occurred in 
any  of th e  plots except on th e  Cape, where th e  percentage was less th an  5, too 
low to  determ ine differences in varieties.
Breeding work on ru tab ag as will be continued to  develop locally a d ap ted  stra ins 
of w hite and  yellow types which are  uniform  in shape and  free from  side roots.
Cucurbita Pepo. M ost of the  p lan ts in th is experim ent were so severely d am ­
aged by excessive rain  and  insects during  th e  ra iny  period th a t  very few m ature  
fru its  were obtained, and th e  work will need to  be repeated . One ou tstand ing  fact
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was noted — th e  way the  hybrid m aterial came through the  adverse w eather 
and produced a  good crop.
Hutchinson Carrot. T he S ta tio n ’s supply of stock seed was increased during the  
past season. Ju s t before a week of rain set in, the  carro t seed crop had the  
heaviest set of bloom ever seen on carro ts in the  E ast. Rain prevented pollination 
of m any flowers and the  seed crop was only normal.
T he work w ith hybrid carro t m aterial was continued. Considerable hybrid 
vigor was noted. I t  will be several years, however, before th is hybrid m aterial 
can be purified and its value determ ined.
W ym an Crosby Beet. T he work of im proving the  color of th is beet was con­
tinued  and a good crop of seed was produced from last y ear’s selections. More 
selections were m ade th is season. Slow bu t steady  im provem ent has been noted 
in th e  color of th is beet during th e  last tw o years.
Waltham Beauty Pepper. Besides m aintaining stock seed of th is pepper, over 
fifty hybrid lines, in which th e  W altham  B eauty  is one of the  parents, were 
grown. Several of the  hybrids look very prom ising and it is hoped th a t an easier 
picking pepper of th e  W altham  B eauty  ty p e  m ay be offered before long.
Waltham Scarlet Shell Bean. W ider use of th is shell bean by growers has been 
delayed because of a lack of available seed for large plantings. M ost growers are 
re lu c tan t to  grow their own seed, and unless facilities for m aking th is bulky crop 
available to  growers on a large scale can be found th e  project will be dropped.
DEPARTMENT OF POMOLOGY 
R. A. Van M eter in Charge
The ou tstand ing  event of 1938 was th e  severe w indstorm  of Septem ber 21. 
Im m ediately preceded by a record-breaking rainfall of 11.28 inches in three 
days, which sa tu ra ted  th e  soil, an 80-mile wind caused m uch destruction to  both 
trees and  crop in th e  experim ent sta tion  orchards. M ore th an  half the  crop 
was still on th e  trees and most of it was blown off. T ree dam age was mostly 
th rough  partia l uprooting of the  trees varying from a small departu re  from per­
pendicular to  com plete p rostra tion . T here was some breakage of large branches, 
especially with N orthern  Spy. T he fall of neighboring forest trees crushed some 
apple trees. O ut of 770 trees m ostly of bearing age, 134 were partially  or com­
pletely blown over and 34 badly  broken. T hus about 22 percent of our experi­
m ental trees were more or less severely injured by th e  storm . Some of the in­
jured  trees were beyond recovery bu t most of them  were brought back to  normal 
position and held by m eans of tw o or three  guy wires anchored to  dead men 
buried abou t tw o feet in the  ground. How well they  will recover from the  breakage 
and dislocation of th e  root system  rem ains to  be seen. A previous severe wind­
storm  on M ay 15 blew down m any shade trees bu t caused little  dam age to  our 
orchards.
T he season was one of am ple and even excessive rainfall. The set of apples 
was ra th e r poor bu t the  fruit sized up well. Peach buds survived the  w inter cold 
well and the  crop was good except on trees badly injured by the  X  disease . 
O ther fru its produced well bu t there  was some dam age to  small fru its from heav> 
rains during th e  ripening season.
The Influence of Various Clonal Rootstocks on Apple Varieties. (J. K. Shaw 
and L. Southw ick.) T he stool bed of M ailing clonal stocks produced a fair growth 
of rooted stocks which will be cut next spring. Fall cu tting  seems to  be injurious 
to  th e  bed. The rooted stocks in th e  nursery were budded quite success u lh ,
A N N U A L R E PO R T , 1938 85
the season being one of ab u n d an t rainfall. Several hundred clonal stocks were 
budded to  ten  different ty p es of o rnam ental forms of m alus w ith th e  hope of 
securing  o rnam ental trees of different sizes su itable for ap p ro p ria te  landscape 
p lantings. T he trees for rep lan ting  the  field occupied by the  old S tock and Scion 
O rchard  m ade good grow th and are  available for p lan ting  in th e  spring of 1939. 
P lans are  being m ade to  set th is orchard according to  the  newer m ethods for 
field experim ents.
T he cooperative o rchards set in the  spring of 1937 have been v isited and  tru n k  
d iam eter m easurem ents taken . Some of these o rchards a re  doing very  well and 
only a few will probably  fail to  give w orth-while results. T he South A m herst 
orchard m ade m uch b e tte r  grow th th an  in previous years. W hether th e  more 
ad eq u a te  rainfall of th e  past two seasons is ju st becom ing effective or w hether the  
b e tte r grow th is due to  some o ther cause is uncertain . T he trees were fertilized 
with C yanam id about two years ago. W hile th e  tim e of app lication  and  am oun ts 
seemed conservative, it is possible th a t  th is m ay have had an  injurious effect. 
It seems wise to  be very cautious in using C yanam id on young trees. Soil from 
th is orchard was transferred  to  pots and  variously fertilized, w ith am ple and 
restric ted  w ater supply, using seedling peach trees as indicators. T his te s t gave 
no clear indication of beneficial effects of fertilizers bu t did suggest th a t  lim ited 
w ater supply  was unfavorable to  grow th.
A clonal stock  orchard  of 90 trees p lan ted  a t th e  college in th e  spring  of 1937 
m ade excellent grow th. T he grow th of th e  trees is so fa r not g reatly  affected by 
th e  stock. Some of th e  trees were blown over more or less by th e  hurricane of 
Septem ber 21 and those on some of th e  dwarfing stocks seemed to  suffer more 
than  o thers on vigorous stocks.
The M cIntosh  and  W ealthy  orchard  on clonal stocks grew well. T he injection 
of certain  fertilizer m aterials in to  th e  soil in th e  a rea  where th e  trees are  m aking 
poor grow th was repeated . No d istinc t benefits a re  yet ev iden t. T he trees in 
th is  o rchard  suffered ra th e r severely in th e  hurricane, bu t only six trees were 
considered to  be ruined. I t  is difficult to  be sure of th e  re la tion  of stock  to  in ju ry  
on account of differences in exposure. T rees on th e ir own roots were uprooted 
more th an  those in adjo in ing  rows on M ailing X  and  X I I I .  I t  is known th a t 
m any of th e  own-rooted trees had unsym m etrical root system s when plan ted . 
Those on seedling roots suffered m ore th an  ad jo in ing  rows on M ailing X II I  and 
X V I. T here  is little  to  suggest th a t,  in th is o rchard , trees on sem i-dwarfing roots 
were less re sistan t to  th e  wind th an  those on vigorous stocks. T rees on semi- 
dwarfing stock are  showing sym ptom s of m iddle age, such as lessened height and  
shoot grow th and  sm aller apples th an  those on s tan d ard  stocks. I t  is believed 
th a t  sem i-dw arf trees will require  b e tte r  cu ltu ra l conditions th an  do trees now 
com m only grown.
Tree Characters of F ru it Varieties. (J. K. Shaw, A. P. F rench, O. C. R oberts, 
a n d  L. Southw ick.) T he usual tr ip  for inspection for trueness to  nam e was m ade 
in August and  Septem ber by  th e  leaders of th is p ro ject. E ighteen nurseries 
sca ttered  from  New England to  M ichigan and  Virginia were visited. As th e  
dem and for certified trees continues, some seven or eight thousand  apple trees 
were certified under th e  auspices of th e  M assachusetts F ru it G row ers’ Asso­
ciation.
In our own nurseries forty-five varieties of cherries, practically  all m et with 
in nurseries, were budded on M ahaleb stocks for fu rth er v a rie ty  s tudy . A sim ilar 
block of red-leaf peach stocks were budded to  fifty-four varie ties of peaches. 
Several lots of more or less uncertain  id en tity  were also used in an a tte m p t to  
positively  identify  th e  varie ty . M ost of th e  buds were from trees known to  be 
t ru e  and  th e  o thers will be carefully  checked.
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The Genetic Composition of Peaches. (J. S. Bailey and A. P. French.) In 
th e  spring of 1938 an orchard of 288 seifed seedlings of Oriole was set in a low, 
cold s ituation  to  let n a tu re  elim inate the  less hardy ones. I t  is hoped to  obtain  a 
few seedlings of ou tstand ing  hardiness for use as new varieties or breeding stock. 
A t th e  same tim e a  block of 240 seifed E lberta  trees was planted to  increase th is  
population.
Some breeding was done in th e  spring of 1938 bu t little  more will be done un til 
th e  present orchard land becomes available for replanting.
On August 2, 1938, th e  “ X  disease” of peaches was observed in M assachusetts 
for th e  first tim e by E. M. S toddard  of th e  C onnecticut A gricultural Experim ent 
S ta tion . A few days later it was found in both th e  college and sta tion  peach 
orchards. D iseased chokecherries, which are  alw ays associated w ith diseased 
peaches, were found near th e  orchards and a cam paign s ta rted  to  elim inate them .
T he tropical hurricane dam aged a num ber of trees both in th e  college and 
sta tion  orchards. Some of the  trees in th e  college orchard were set up and wired 
in place. T he small trees in th e  two seedling orchards set in 1938 were set up. 
Blown-over trees in th e  o ther seedling orchards will be rem oved or severely 
pruned and left so th a t  one or tw o more crops can be obtained. Since th is storm 
blew off all fru it rem aining on th e  trees a t  th a t  tim e, no d a ta  could be obtained 
on seedlings ripening a fte r th e  21st of Septem ber. T his m ay have upset some of 
the  genetic ratios of fru it characters.
An ex traord inary  case of inheritance of foliar glands has been observed in the 
Gold D rop peach. T he glands of th is varie ty  are neither typically  globose nor 
typ ica lly  reniform . T hey  m ight be described as “ indeterm inate” . Gold Drop 
when self pollinated gave 25 percent of the  seedlings w ith globose glands and 75 
percent with glands like the  paren t. W hen one of these globose gland type  seed­
lings was crossed w ith E lberta , a pure reniform  gland type, th e  offspring all had 
glands of th e  “ indeterm inate” type.
T he inheritance of blossom size appears to  follow a  simple M endelian formula. 
Cham pion when seifed, gave 128 seedlings with large flowers, 268 w ith medium, 
and  129 w ith small flowers, an excellent fit for a  1:2:1 ra tio . Some o ther com bina­
tions gave peculiar ra tios which have not as yet been explained.
Comparison of Cultivation and Sod in a Bearing Orchard. (J. K. Shaw.) 
C ertain changes in th e  fertilizer trea tm en ts  of several plots were m ade in the 
spring of 1938 to  see if any  changes in trends will appear in th e  behavior of the 
trees. Plot 2, a sod plot which has had only n itra te  of soda, received a complete 
fertilizer, and plot 4 received potash  in addition  to  nitrogen previously applied. 
On m ost plots th e  am oun t of n itrogen was som ew hat reduced. T o plot 3, which 
has never been fertilized, w aste hay a t  th e  ra te  of ab o u t tw o tons per acre was 
applied. T his will be worked in to  th e  soil in th e  spring in an effort to  build up 
organic m atte r  which has been reduced by  17 years of cu ltivation  with very poor 
cover crops.
Several of th e  trees in th is orchard suffered from th e  hurricane bu t all have been 
replaced with th e  hope th a t  th ey  will not suffer severely from th e  in jury . The 
yields were ra th e r low due to  a  poor set of fru it and possibly loss from th e  hurri­
cane, though all dropped apples were added  to  obtain  th e  to ta l yield. It still 
appears th a t  potash  in add ition  to  n itrogen is needed in th is  orchard, bu t evidence 
of th e  need of added phosphorus is not yet clear.
Comparison of Clover Sod and Grass in a Sod Mulch Orchard. (J. K. Shaw.) 
T he saw dust m ulch applied to  th is  orchard has failed to  suppress th e  grass bu t has 
resulted in no evident in ju ry  to  th e  trees. I t  appears th a t  m uch more th an  the 
four-inch layer applied is necessary to  m ake a covering th a t will function effec­
tively . Cost of tran sp o rta tio n  has p revented  th e  addition  of more sawdust.
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Comparison of Cultivation and H eavy M ulching for Apples. (J. K. Shaw .) 
The M cIntosh blocks, com prising 18 trees, in th is  experim ent were so badly  in ­
jured by wind th a t  it seems wise to  rem ove them . The block of W ealthy  will be 
continued for a while. T h e  am oun t of n itrogen supplied to  th e  cu ltiv a ted  plots 
was reduced th is y ear an d  a  m oderate  am o u n t of potash  added , because our 
experience has shown th a t continued m oderate  to  heavy applications of n itra te  
of soda bring abou t an  unbalanced  condition which m ay be corrected by supp ly ­
ing potash.
The results from th is experim ent were reported  in Bulletin 328 in 1936. Since 
then the m ulched M cIn tosh  trees have shown som ew hat g reater tru n k  grow th 
and the  W ealthy exactly  th e  sam e as th e  trees in cu ltivation . Shoot grow th on 
McIntosh 1933-1937 inclusive, a  five-year period, was 42.3 inches for th e  cu l­
tivated trees and  45.6 inches for th e  m ulched trees. Y ields of th e  m ulched trees 
have continued larger, especially in th e  ligh ter bearing year, th an  those of th e  
cultivated trees. A heavier crop is picked even w ith a larger percentage of pre­
harvest drop from th e  m ulched trees. T he practice of heavy m ulching is increas­
ing among fruit growers. It is a sound practice  where it can be carried on a t  a  
reasonable cost.
The ex traord inarily  high n itra te  co n ten t of th e  soil under th e  m ulch has been 
previously reported . High potash  has been reported  from Ohio, and an exam ina­
tion into conditions in th is  o rchard  w as therefore m ade. T he te s t for availab le  
potash in th e  soil by  th e  M organ and  th e  T horn ton  tes ts  indicated  very high 
potash under the  m ulch (over 500 pounds per acre by th e  M organ te s t an d  over 
400 by th e  T horn ton  te s t) , an d  th is w7as tru e  not only of th e  surface soil bu t also 
through th e  32-36 inch level. In th e  cu ltiv a ted  p lots availab le  potash  was very  
low or none. T he da tes of sam pling were in M ay and Ju ly . These plots have been 
heavily mulched w ith w aste hay for fifteen years. In an orchard  w ith plots m ulched 
for five years and  o thers w ith m oderate  application^ of hen m anure, availab le  
potash in th e  plow slice by th e  M organ tes t was 300 pounds per acre on each 
plot and very low in th e  subsoil. In a near-by  com m ercial orchard m ulched for 
about five years, it was very  low. T his suggests th a t  it m ay tak e  several years 
for a high am ount of po tash  to  accum ulate  under a m ulch. I t  seems as though 
soil conditions under th e  m ulch were such as to  m ain tain  th e  soil po tash  in a m ore 
available form th an  in a cu ltiv a ted  soil.
The Effects of Fertilizer Limitation on Fruit Plants. (J. K . Shaw.) No changes 
were m ade in th is  p ro ject, bu t it will soon be necessary to  rem ove th e  trees as 
they  are crowding. T he sca ttered  crop of th is year had little  relation to  fertilizer 
trea tm en t. T here  is m uch v a riab ility  in th e  grow th of th e  trees on m any of th e  
plots indicating  th a t  some condition o ther th an  fertilization  is g reatly  influencing 
tree behavior.
Effect of Potash and Lime on Apple trees. (J. K. Shaw.) T he trees in this 
orchard, especially those w ithout nitrogen, have lacked vigor for several years. 
Tearing up th e  heavy sod w ith a harrow  proved not very effective and so th e  
orchard was plowed diagonally in th e  spring of 1938. C ultivation  was continued 
a few weeks and  then  th e  plowed area allowed to  re tu rn  to  grass. T he trees were 
som ew hat invigorated . T his practice will be continued. T he fertilizer program  
s ta rted  in 1927 was continued.
T he trees on th e  n itrogen p lots continue to  yield b e tte r th an  e ither those 
receiving potash  or those receiving potash  and phosphorus, as would be expected. 
T hose receiving potash  in addition  to  nitrogen yield still b e tte r, b u t th ere  is yet 
no indication th a t  th e  com plete fertilizer plots yield any  b e tte r  th an  th e  n itro g en - 
po tash  plots. T he s tu d y  of th e  effect of lime has been discontinued for some tim e.
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Study of Varieties of Fruits. (J. K. Shaw and staff.) M any new varie ties of 
different fru its were added to  our collection and further observations m ade on 
those of fru iting  age.
D uring th e  past year an evaluation of fruit varieties was m ade by  the  H orticu l­
tu ris ts  of th e  northeastern  states. Both old and new varieties were considered. 
M any old varieties were placed in the discard as having little  or no comm ercial 
value. These evaluation lists are available in a lim ited way to  those interested.
Apples. H aralson, a com paratively  new varie ty  from M innesota, is of good 
size and a ttrac tiv e  appearance bu t not of very high quality.
Several new varieties of the  Yellow T ransparen t season have been under obser­
vation  for several years. One of them , U. S. D. A. 57, has been released for 
general propagation under the  name Close. No. 34 is of th e  same season, a  little 
earlier th an  Yellow T ran sp aren t, and seems equal or superior to  Close under our 
conditions.
Pears. T he G orham  pear has been placed on our list of varieties recommended 
for comm ercial p lanting  and C ayuga, Conference, and Phelps on our list for trial.
Plum s. Form osa, S tanley, and Albion have been placed on our recommended 
list and  W rights E arly, San ta  Rosa, Im perial Epineuse, Hall, and Pacific on our 
list for tria l. W rights E arly  is rem arkable only for earliness bu t is th e  best of its 
season. Im perial Epineuse is not of a ttrac tiv e  appearance bu t is unexcelled in 
quality .
Peaches. H alehaven is rapid ly  replacing South H aven and others of its season. 
Golden Globe, Golden E ast, and W hite H ale are  prom ising new varieties. Golden 
Jubilee  is well established as a m ajor v a rie ty  and Oriole is gaining in favor. All 
these  except H alehaven were originated a t th e  New Jersey A gricultural Experi­
m ent S ta tion . T his S ta tion  has several new and very prom ising varieties which 
should be tested  under our conditions. Peach varieties are rapid ly  changing and 
only E lberta  of the  older varieties m aintains its position and th is m ay soon be 
replaced by some superior varie ty .
Grapes. E rie continues to  promise well as an  early  blue grape to  precede 
F redonia. Eden is alm ost a vinifera grape, ripens in midseason, and is of excellent 
q u a lity . It promises well for home use bu t is of doubtfu l comm ercial value. 
U rbana and H anover failed to  m ature  properly even in a late  season.
Raspberries. M arcy has th u s  far been free from mosaic diseases, is of large 
size and  satisfactory  in production. It prom ises to  be a valuable  va rie ty  for us. 
T ay lor suffered seriously from mosaic and app aren tly  will fail to  m ake a place 
for itself. Newburgh continues to  show some mosaic infection and is losing ground 
though  still considered to  have some value. Chief and Sodus are  th e  heaviest 
yielding varieties bu t have some defects. Sodus is a  purple cane.
Strawberries. C atskill still leads in production. I t  is of a ttrac tiv e  appearance 
an d  prom ises to  become a stan d ard  varie ty . Pathfinder is a high producer and 
a ttra c tiv e  in appearance bu t a little  soft for some m arket conditions. North 
S ta r  (U. S. D. A. 1425) has good q u ality  and  size and is a high producer. It is 
well w orthy  of tria l as a m idseason varie ty . B eauty, E x tra la te , F ru itland , and 
K anner King have proved unsatisfactory  under our conditions.
Bud M utations. (J. K. Shaw and  W. H. Thies.) I t  is realized th a t  th e  so-called 
red  bud sports m ay differ from the  paren t v a rie ty  and from each o ther in charac­
te rs  o ther th an  fru it color. A s ta r t has been m ade in securing various red m u ta ­
tions of the  M cIntosh  and propagating  them  for te s t. T hree have been budded 
on clonal stocks and o thers will be secured as o pportun ity  offers.
A small branch bearing five highly colored apples was discovered a few years 
ago in th e  to p  of an  old Baldwin tree  in a sta tion  orchard. The general color of the
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apples on th is tree  was only m ediocre. T his has been propagated  under th e  name 
“ G alb raith  B aldw in’’ to  see w hether th e  high color is m aintained and w hether 
it is a  superior stra in .
Fruit Bud Formation in the Strawberry. (R. A. Van M eter.) To study  th e  pos­
sib ility  th a t  w in ter in ju ry  m ight be responsible for continued failure to  get a 
response to  differential soil trea tm en ts , 24 plots of abou t 175 p lan ts each were 
established in th e  spring of 1937 and  fru ited  during  th e  past year. Six differential 
m ulching trea tm e n ts  were used, each replicated  four tim es:
1. No mulch.
2. L ight m ulch applied  N ovem ber 12.
3. Light m ulch applied D ecem ber 16.
4. L ight m ulch N ovem ber 12, m ore applied Decem ber 16.
5. H eavy  m ulch applied  N ovem ber 12.
6. H eavy m ulch applied D ecem ber 16.
T he crowns of p lan ts in all p lots were dam aged in vary ing  degrees, suggesting 
th e  desirability  of applying th e  m ulch earlier. P lo ts not m ulched were dam aged 
m ost and  yielded least. T hey  had, however, th e  largest num ber of m ature  leaves 
when th e  fruit was se tting , which suggests th e  desirability  of rem oving th e  mulch 
early. A heavy m ulch applied early  resulted  in th e  least crown dam age.
Plots given a light m ulch early followed by m ore a t  th e  tim e of th e  la te  app lica­
tion gave highest yields, followed by those receiving a heavy m ulch applied early .
In th e  spring of 1938 a duplicate  of th is  plot a rrangem ent was established w ith 
five replications. F ive  add itional p lots were m ulched heavily  w ith th e  first cold 
w eather and  th e  m ulch will be rem oved from  these plots very  early.
Nutrition of the Highbush Blueberry, Especially in Relation to Soil Reaction.
(J. S. Bailey.) As in previous years chlorotic p lan ts in b lueberry Plot D were 
trea ted  w ith various chem icals to  cure th e  chlorosis. Again th e  p lan ts trea ted  
with sulfate of am m onia were th e  only' ones to  show m arked im provem ent. 
P lan ts sprayed w ith ferrous sulfate, 2 gm. per liter, developed green spots where- 
drops of sp ray  had collected.
P lan ts growing in three-gallon crocks, trea ted  in 1936 w ith 40 gm. of lime p e r 
crock, all died in 1937; only one of five p lan ts trea ted  w ith 20 gm. of lime su r­
vived. T his one p lan t is slowly recovering under a soil acidification trea tm en t;: 
lOcc. of N /1 0  H 2S 0 4 added  from  tim e to  tim e when p lan ts w are w atered. P lan ts 
receiving 10 gms. and  those receiving 5 gms. each of lime are  all alive bu t chlorotic. 
A 1.0%  solution of ferric c itra te  was injected into th e  stem  of one of these chlorotic 
p lants. T he solution was so strong  th a t  all th e  leaves dropped. A new set of leaves 
formed which had th e  norm al green color. T his experim ent was repeated  w ith a
0.25%  solution of ferric c itra te  w ith th e  sam e results except th a t  not all th e  leaves- 
dropped. Chem ical analyses of th e  tops and roots of b lueberry p lan ts growing in 
soil trea ted  w ith phosphoric acid (H 8 P 0 4) were m ade by' M r. J . N. Everson of 
th e  D epartm en t of Agronom y. These analyses indicated th a t th e  occurrence of 
chlorosis is re la ted  to  a  change in th e  H-ion concentra tion  of the  p lan t tissue.
D uring  the  hurricane of Septem ber 21, tw elve blueberry  p lan ts were blown ou t 
of blueberry  plot D. T hese were all of th e  v a rie ty  Rubel, were am ong th e  largest: 
p lants, and  were broken off from  one to  th ree  inches below th e  surface of th e  soil. 
D uring  th e  heavy ra ins preceding th e  hurricane th ere  was a great deal of soil 
erosion on th is sam e plot. T his erosion has rap id ly  become so serious th a t it 
would be unwise to  s ta r t a  fertilizer experim ent before th e  erosion is stopped.
B lueberry  C ulture. (J. S. Bailey.) Clean cu ltivation  w ith cover crops has not 
been a sa tisfactory  m ethod of cu ltu re  for b lueberry plot D where th e  land slopes 
from  three  sides tow ard  the  center. Soil erosion is excessive. A fter th e  berries.
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are  harvested, it is too late  to  sow buckw heat and get much growth. Barley was 
tried  one year bu t the  catch was spo tty  and growth poor.
T he use of a light one-horse disc harrow  for cultivation is not satisfactory  on 
the  ty p e  of soil a t Am herst. W here cu ltivating  is to  be done with a trac to r h a r­
row, rows spaced eight feet are too close; rows spaced ten  feet are  satisfactory.
T he sum m er of 1938 was very rainy. Except for a few spots where th e  soil is 
too wet in a rainy  season, blueberry plants made very good growth. R ains in te r­
fered w ith the  picking considerably, especially abou t the  tim e th a t Rubel began 
to  ripen. M any berries dropped before they  could be picked, m aking yield records 
less reliable than  in years of norm al rainfall.
S tudies oi the  relation between size of the  bush and yield showed a high cor­
relation between m axim um  spread (m easured in one direction) and yield bu t a 
low correlation between maxim um  height of bush and yield. Since the  la tter is 
equivalent to  correlating yield with the  longest branch on the  bush, the  results 
a re  not surprising.
E xperim ents with honey bees as pollinators for blueberries were continued 
in cooperation with Dr. F ran k  Shaw of the  D epartm ent of Entom ology. Three 
aster-clo th  ten ts  were built, each covering tw o blueberry bushes of different 
varieties, and a nucleus hive of bees was placed under each ten t. T he set pro­
duced by the  bees is com pared in the  following tab le  with th a t  of open-pollinated 
flowers and of branches covered with aster cloth to  exclude insects. Varieties 
placed together in each ten t are indicated in the  table.
In  T en ts Open Covered to
V ariety Bee Pollinated Pollinated Exclude Insects
% Set %  Set
N um ber N um ber
of of
C lusters Berries
C a b o t........................ ...........  94 .8 75.8 20 10
P io n eer..................... ...........  80.7 68 .8 18 10
P io n eer..................... ...........  94 .8 23 5
J e r s e y ....................... ...........  94 .9 77.4 13 3
P io n eer..................... ...........  87 .0 11 0
R u b e l........................ ...........  93 .8 89 .4 30 9
T he figures show th a t honey bees have again proved their value as pollinators 
of blueberries.
T he hay mulch used in b lueberry plot B seems to  be very satisfactory except 
th a t  it form ed excellent cover for mice. Several p lants were slightly damaged by 
mice during  th e  w inter of 1937-38. Anyone using a hay m ulch should carry on a 
vigorous poisoning cam paign in the  fall.
Premature Dropping of the McIntosh Apple. (L. Southwick.) The Septem ber 
hurricane d isrup ted  th e  experim ental work, a lthough valuable da ta  were obtained 
prior to  th e  storm . D uring the  la tte r  part of th e  season, daily growth m easure­
m ents were m ade with an  im provised circum eter, for the  purpose of correlating 
grow th ra te  with abscission initiation . A tm om eters were employed for the  first 
tim e th is year to  m easure th e  evaporating  power of the  air a t frequent intervals. 
T he possible effect of th is factor upon preharvest dropping will be studied.
Analysis of d a ta  up to  th is year w arrant the  following ten ta tiv e  conclusions 
regarding prem atu re  M cIntosh  drop. The evidence points to  a complexity of 
in te rac ting  causes.
P rem ature  dropping seems to  increase in intensity  from M assachusetts to  the 
southern  lim its of the  M cIntosh belt; it does not decrease so m arkedly as the
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northern  lim it is approached. D ropping varies from year to  year, from orchard 
to  orchard , and from tree  to  tree  in the sam e orchard . T he problem  seems to  have 
becom e more acu te  in recent years.
D ropping was more severe with trees grown under a high s ta te  of fertility , and 
significant correlations were found betw een yield and percentage drop in m ost 
cases. R ootstock effect upon dropping severity  was evident. T his m ay help to 
explain wide varia tions am ong individual trees in an  orchard.
Besides the  secondary influence of wind, high m axim um  tem pera tu res of even 
short duration  in th e  harvest period hastened drop.
Seed num ber was positively correlated  w ith tim e of drop. T he m any-seeded 
fru its not only hung b e tte r  bu t were larger th an  those with few' or no seeds. 
Seed num ber varied from 0 to  21 per fru it. Spur diam eter, spur position, and leaf 
a rea  were not found to  exert significant influence, except th a t severe late-season 
defoliation caused increased abscission. Some evidence was found th a t  long- 
stem m ed apples dropped before those with shorter stems.
T here a re  indications th a t  stra ins m ay differ significantly in p reharvest dropping 
behavior. At th e  present tim e it seems th a t  th is premise offers th e  most practical 
approach  to  the  solution of the  problem.
Sun Coloring of Apples. (0 . C. R oberts.) In Septem ber 1937, experim ents 
were s ta rted  to  study  th e  effect of exposing poorly colored M cIntosh  apples to 
sunlight a fte r harvest. R esults of th is  initial experim ent were reported  in the  
E xperim ent S ta tion  report for 1937.
T he experim ent was continued during th e  sum m er of 1938. A wooden fram e 
covered w'ith tw o layers of 25 x 25 mesh cheesecloth was used. T he experim ent 
consists of four p a rts : (1) How early in th e  season color m ay be obtained by 
artificial m ethods; (2) th e  relation of sun scald to  color developm ent; (3) th e  
num ber of hours of sunshine necessary to  produce sa tisfactory  color on norm ally 
uncolored fru it a t  harvest tim e; and (4) th e  effect of sun coloring on the  keeping 
q u a lity  of th e  fru it. W hile no definite conclusions can be draw-n from th is experi­
m ent for th e  past season, th ere  are a few' trends th a t  are  w orthy  of note.
T here  is a tendency  for apples picked p rem aturely  to  scald before acquiring 
sa tisfac to ry  color. T his tendency  decreases as the  apples approach m atu rity .
T he tim e of exposure necessary to  produce sa tisfactory  color decreases as th e  
app les approach  m atu rity . W hen apples are  fully m ature, 30 hours of bright 
sunshine are  am ple to  produce sa tisfactory  color.
Sufficient color can be produced to  adm it apples to  th e  fancy grade w ithout 
tu rn in g  them  during  exposure. Two layers of cheesecloth to  provide shade during 
th e  coloring period appear adequate  for th e  prevention of sun scald.
Exposure to  conditions necessary for coloring does not seriously im pair the  
keeping q u a lity  of apples when they  are  stored a t 32° F. as soon as th e  desired 
color is obtained.
DEPARTMENT OF POULTRY HUSBANDRY  
R. T. Parkhurst in Charge
Broodiness in Poultry. (F. A. H ays.) T here a re  th ree  m ajor objects in th is 
p ro jec t: (1) To secure ad equate  d a ta  on the  inheritance of degrees of broodiness, 
(2) to  s tu d y  th e  problem  of deferred broodiness, (3) to  establish a genetically 
non-broody line of Rhode Island Reds.
T he generation hatched  in 1937 and com pleting th e  laying year in 1938 was 
sired by tw o males th a t  were 24 m onths old. These tw o males had th e  sam e sire
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and  their dam s were half-sisters. M ale No. P467 produced 31 daughters w ith 
com plete records from six non-broody dams. D uring th e  first year two daughters 
were broody, each from  a different dam . T his sire is indicated as having abou t
6.5 percent of broody daughters when m ated  to  non-broody females. M ale No. 
P911 sired from  seven non-broody dam s a  to ta l of 54 daughters with com plete 
records. None of these daughters exhibited the  broody instinct in th e ir first 
laying year.
In th e  high fecundity  experim ents for th e  year 1937, 346 daughters have ju st 
com pleted th e ir first year. Only 7 or 2.02 percent of these daughters have been 
broody.
A stu d y  of th e  last five generations indicates th a t  deferred broodiness is not a 
significant phenom enon in hens a fte r th e  com pletion of th e  second laying year. 
In th is  experim ent th e  families of daughters from sires th a t  gave no broodiness 
will be carried th rough  th e ir second laying year.
Statistical Study of Heredity in Rhode Island Reds. (F. A. H ays and Ruby 
Sanborn.) D a ta  have been tab u la ted  and proposed for publication as follows: 
T im e in terval between clutches in Rhode Island Red Pullets, Jour.A gr.Research 
5 7( 8 ) :5 7 5 - 5 8 2 . T he Absence of L inkage Between Genes for E arly  Sexual M a t­
u rity  and Genes for High Persistency in D om estic Fowl, Paper for 7th W orld’s 
Pou ltry  Congress. Breeding Small Flocks of Dom estic Fowl for High Fecundity , 
Paper for 1 9 3 8  M eeting Genetics Society of Am erica. D ata  have been completed 
for tw o bulletins.
A Genetic Study of Rhode Island Red Color. (F. A. H ays.) From  a founda­
tion  of exhibition stock from one breeder, eight generations have now been carried 
th rough  a  full laying year. T he original stock was hatched in 1929. From  this 
group of 45 pullets and 27 cockerels, an a tte m p t has been m ade to  develop two 
lines: one bred entirely  for exhibition plum age color, and th e  o ther selectively 
bred for characters known to  affect fecundity . T he eighth generation showed a 
mean annual egg production of 150 and 175 eggs respectively for th e  two lines. 
Color rem ained satisfactory  in bo th  lines, fertility  declined greatly , and m ortality  
became excessive. No progress was m ade afte r th e  second generation. The 
d a ta  point to  failure resulting from an a tte m p t to  breed for high fecundity  with 
sm all num bers.
Rate of Feathering in Rhode Island Reds. (F. A. H ays.) An a tte m p t is being 
m ade to  establish an early-feathered line th a t shows com plete back feathering a t 
8 weeks of age and a slow-feathered line th a t  shows absence of back feathering 
a t  th a t  age. T he sires used in th e  first line had com plete back  feathering a t  8 
weeks of age, and  th e  sires used in the  second line had no back feathering a t 
8 weeks. In th e  fifth generation, hatched in 1938, 134 cockerels in th e  early 
feathering  line showed 43 percent early feathered; and 39 cockerels in th e  late 
line showed 15.4 percent early  feathered.
All chicks were classified for ra te  of feathering  as shown by the  presence or 
absence of tail feathers on th e  tw elfth  day. On th is basis, only 3 out of 134 
cockerels in th e  early  line were early  feathered; and  none of th e  39 cockerels in 
th e  slow line showed early feathering. These da ta  indicate th a t th e  ra te  of 
feathering  in th e  dorsal tra c t is not related  to  th e  appearance of tail feathers 
a t  12 days.
No m ethod has been developed for distinguishing betw een early and late 
feathered  females.
Time of Emergence of Chicks from the Shell as a Factor in Poultry Breeding.
(F. A. H ays and J. W. Locke.) Records have been secured on th e  tim e of emer-
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gence of ab o u t 2500 chicks. O bservations were m ade during th e  hatching period 
a t  8-hour in tervals beginning a t  th e  end of th e  tw en tie th  day  of incubation  and  
concluding when th e  chicks were taken  from th e  incubator a t  th e  end of th e  
tw enty-second day. T he relation betw een tim e of emergence and sex, m orta lity  
ra te , body weight, and  characters affecting fecundity  are  being studied .
Relation of Plumage Color to Sex in Rhode Island Red Chicks. (F. A. H ays.) 
A to ta l of 6800 pedigreed Rhode Island Red Chicks have been described for brown 
an d  b lack  p igm ent spots or stripes on head, neck, and  back. T he value of p igm ent 
areas for identify ing  sex a t  hatch ing  and th e ir relation to  ad u lt plum age color 
a re  being stud ied .
The Effectiveness of Selective Breeding to Reduce M ortality in Rhode Island 
Reds. (F. A. H a ts .)  Two lines have been developed by selective breeding: 
one selected for low m orta lity  in th e  laying houses, and  th e  o ther for high m o rta lity  
in th e  laying houses. No o ther basis of selection was used in e ither line. In the  
first th ree  generations there  was a significant difference in m o rta lity  ra tes  of th e  
tw o lines. T he fourth  generation included too few' b irds to  secure an  accu rate  
figure on m orta lity  ra tes in th e  two lines. T he mean annual egg records were 
213 and  170 respectively.
Genetic Laws Governing the Inheritance of High Fecundity in Dom estic  
Fowl. (F. A. H ays and  R uby Sanborn .) M ajor objectives in th is pro ject are  as 
follow's: (1) Developing a line genetically  pure for sexual m a tu rity  in 180 to  215 
days; (2) fixing high in tensity  so th a t  w inter c lu tch  size will exceed 3; (3) elim ­
inating  all inherited w'inter pause; (4) elim inating  th e  broody instin c t; and  (5) 
fixing genetically  high persistency. Along w ith th e  above characters, fertility , 
h a tchab ility , body size, egg w'eight, com b type, feather color, and inherited fac­
to rs affecting m o rta lity  ra te  a re  all being studied .
T he generation hatched  in 1937 was particu larly  superior to  previous genera­
tions in m o rta lity  ra te  in th e  laying houses and  in freedom  from  broodiness. 
W ithout culling, th e  m o rta lity  ra te  for a full year was 12.5 percent. Only 2.02 
percent of the  birds becam e broody in th is generation.
G enetic behavior of th e  characters being studied  is co n stan tly  being checked 
by crosses W'ith outside stock. R esults from these crosses a re  regularly  checked 
against th e  experim ental line carried  as such since 1913.
M iscellaneous Studies. (F. A. H ays.) In add ition  to  th e  above projects, a 
num ber of o th er studies are  being carried  on. Am ong these a r e : L inkage re la tions 
betw een genes for com b typ e , ear lobe color, and  shank  feathering ; artificial in ­
sem ination w ith old m ales in cold w eather; and  m olting behavior a t  th e  end of 
th e  first laying year and  persistency of laying.
SEED CONTROL SERVICE 
Philip H . Smith in Charge
Seed  Inspection. (F. A. M cLaughlin and Jessie L. Anderson.) From  Decem ber 
1, 1937 to  D ecem ber 1, 1938 th e  Seed L ab ora to ry  received and worked 2428 
sam ples of seed, of which 1031 were collected by th e  S ta te  Com m issioner of A gri­
cu ltu re  and  1397 were sent in by  seedsm en, farm ers and th e  Am erican Can 
C om pany.
Classification of these sam ples w ith th e  to ta l num ber of tes ts  involved is show'n 
in th e  following sum m ary. I t  will be noted th a t  th e  to ta l num ber of tes ts  required 
for th e  2428 sam ples was 3378; 859 for p u rity  and  2519 for germ ination.
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S am ples P u rity  Germinatio-
446 Field Crops for P urity  and G erm ination ......................  446 446
5 Field Crops for P u rity  O n ly ............................................  5
7 Field C rops for G erm ination O n ly ...............................  7
143 Lawn M ixtures for Pu rity , G erm inations involving
504 ingred ien ts..................................................................  143 504
71 Lawn M ixtures for P u rity  O n ly .................................... 71
1 Lawn M ixture for G erm ination O n ly ..........................  1
1344 Vegetable Seeds for G e rm in a tio n ..................................  1344
152 Flower Seeds for G erm ination O n ly .............................  152
194 Flower Seeds for P urity  O n ly ......................................... 194
15 Tree Seeds for G erm ination O n ly ..................................  15
50 Tobacco Seeds for G erm ination O n ly .......................... 50
2428 859 2519
Field tes ts  to  determ ine trueness to  type  were conducted in cooperation with 
th e  D epartm en ts of V egetable G ardening, F loriculture  and Agronomy, which 
tes ted  respectively 120 sam ples of vegetable seeds, 172 sam ples of flower seeds,, 
an d  23 sam ples of oats. All sam ples for these tes ts were collected and subm itted 
by  th e  S ta te  Commissioner of A griculture, w ith th e  exception of ten  samples of 
o a ts  which were sent in by  seedsmen.
M iscellaneous Work. (F. A. M cLaughlin and Jessie L. Anderson.) The Seed 
L abora to ry  cleaned 18 lots of onion seed and 42 lots of tobacco seed for C onnecti­
cu t Valley farm ers.
One hundred and seventy-six sam ples of corn, oats, barley, and w heat, p u r­
chased by various s ta te  institu tions, were exam ined for conform ity to  grade 
purchased; and  eighty-one sam ples of ground ca ttle  and poultry  feed, collected 
by  inspectors or sent in by dealers and farm ers, were exam ined microscopically.
DEPARTMENT OF VETERINARY SCIENCE 
J. B. Lentz in Charge
Poultry D isease Control Service. (H. Van Roekel, K. L. Bullis, O. S. Flint,, 
and  M. K. C larke.)
1. Pullorum Disease Eradication. D uring th e  1937-38 testing  season a to ta l 
of 314 flocks (including six flocks of poultry  o ther th an  chickens), representing 
502,341 sam ples (including 4,356 from fowl o ther th an  chickens), was tested. 
Among th e  sam ples subm itted  from fowl o ther th an  chickens 216 were also tested 
w ith p a ra typho id  antigen {S. derby). Blood sam ples were subm itted  from chicken 
flocks in 11 counties. Norfolk, W orcester, M iddlesex, and Bristol Counties led in 
th e  num ber of tests . For th e  S ta te  as a whole, increases were observed in tested  
flocks (1), tes ted  birds (31,708), tes ts  (36,007), and non-reacting flocks (5). 
T he average percentage of infection was fu rth er reduced from 0.37 to  0.17. 
Pullorum  infection was detected  in six flocks which w'ere negative to  the  m acro­
scopic tu b e  agg lu tination  tes t th e  previous year. The source of th e  infection 
could no t be explained in four flocks. T he detection of infection in previously 
non-reacting  flocks em phasizes th e  value and  im portance of annual testing, a s  
well as of effective preven tive  measures.
T esting  results show' th a t  M assachusetts is in a position to  replace its poultry  
population from 100 percent tested , non-reacting flocks. A to ta l of 241 non-
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reacting  flocks (100 percent tested ), representing 432,919 birds, were identified 
in 11 counties. T he flocks tested  for th ree  or more consecutive years revealed 
th e  lowest average percentage (0.07) of infection. Poultrym en are encouraged to  
buy  only from flocks officially recognized as free from the  disease.
Concerning fowl other than chickens, reacting birds were detected only among 
the turkeys.
D uring the  past year th is d ep artm en t has continued to  cooperate in m aking 
availab le  to  th e  M assachusetts D epartm en t of A griculture testing  resu lts which 
are used for official recognition an d  classification of pullorum  tes ted  flocks.
2. Diagnostic Service. The am ount of m aterial available for exam ination 
continued to  show an increase. Personal delivery of specim ens occurred in 352 
of the  560 cases handled, which included 2,617 specim ens. T he classification of 
the  specim ens is as follows: 2,359 chickens, 172 tu rkeys, 19 canine feces, 15 
pigeons, 9 rabbits, 8 pheasants, 5 bovine feces, 3 canaries, 3 canine skin scrapings, 
2 each of bovine liver, canine, fox, goat feces, laryngotracheitis vaccine, m ink, 
quail, ruffed grouse, and sheep, an d  1 each of bovine p lacenta, canine tum or, 
feline parasites, fish roundw orm s, swine, and  woodchuck. T he diseases en coun t­
ered most frequently  were coccidiosis, pullorum  disease, tum ors, fowl paralysis,, 
and avian  encephalom yelitis (epidemic trem or). Presum ably ra re  but im portan t 
diseases were noted as follows: fowl cholera 3, fowl typho id  2, paratypho id  in ­
fection 2, and avian  tuberculosis 1. Each of these ou tb reaks represents a h itherto  
unknown focus of infection.
3. M ortality Studies of Cottontail and W hite Hare Rabbits Imported into- 
Massachusetts. D uring th e  past year th is  dep artm en t, in cooperation w ith th e  
M assachusetts D epartm en t of C onservation, investigated  m orta lities am ong 
co tton ta il and  w hite hare rab b its which were im ported in to  M assachusetts . 
The co tto n ta il rab b its were im ported from A rkansas, K ansas, M issouri, O kla­
homa, and  Texas and th e  w hite hare rabb its, from M aine and  C anada. F ifty  
consignm ents of dead rab b its were subm itted  to  th e  labora to ry  from D ecem ber 
to April inclusive. Among 2,415 co tto n ta il rab b its  im ported, 213 were dead 
on arrival. T he m ajority  of specim ens subm itted  were unfit for sa tisfactory  
exam ination. Coccidial oocysts were frequently  observed in cecal co n ten ts. 
The following ectoparasites and  endoparasites were de tected : Odontopsyllus 
multispinosus, Spilopsyllus sim plex , Haemaphysalia leporis-palustris, Ixodes 
dentatus, Taenia pisiform is, Cittotaenia variabilis, Trichuris leporis, and  Obelis- 
coides cuniculi. No evidence of Pasteurella tularense infection was obtained from 
the  gross pathology or anim al inoculation. Papillom atosis was observed in several 
specimens. T he m ajority  of co tton ta il rab b its  appeared  to  be in good s ta te  of 
nu trition .
Among 329 white hare rab b its  im ported , 15 were dead on arrival. In the  
specimens subm itted  to  th e  labora to ry  tw o species of parasites (Protostrongylus 
leporis and  Obeliscoides cuniculi) were encountered.
Appreciation is extended to  m em bers of th e  Zoological Division, B ureau of 
Animal In d u stry , U nited  S ta tes D epartm en t of A griculture, for identifying th e  
parasites m entioned in th is report.
4. Infectious Bronchitis Im m unization . Infectious bronchitis is a v iru s 
disease which is of great economic concern to  th e  poultry  industry . T he greatest 
loss suffered from  th e  disease when present in m ature  birds is reduced egg pro­
duction.
D uring  th e  past year an  o u tb reak  of infectious bronchitis was investigated 
from  th e  view point of control by m eans of im m unization w ith vaccine prepared  
from  infected birds taken  from th e  affected flock.
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T he vaccine was applied to  th e  cloacal tissues. Susceptible and affected birds 
were inoculated and  necessary control birds were retained bo th  in th e  flock and 
a t  th e  laboratory . Definite positive cloacal reactions were no t obtained w ith 
e ither th e  undilu ted  or dilu ted  m aterial taken  from infected birds. How ever, 
positive transm ission was obtained when th e  vaccine was inoculated in tra tra -  
cheally, in tranasally , and  into th e  conjunctival sac.
T he m ethods employed did not induce an im m unity to  infectious bronchitis, 
since th e  disease m anifested itself in th e  vaccinated flock a fte r exposure of th e  
vaccinated  birds to  th e  infective agen t by  introduction  of th e  nasal and  trachea l 
exudates in to  th e  resp irato ry  tra c t and by m eans of cohabitation  with infected 
birds.
I t  was concluded from  th e  results th a t  infectious bronchitis can not be pre­
ven ted  or kept under control in a flock th rough  cloacal inoculation with the  
vaccine m ateria l as used in th is  investigation.
5. Pullorum  Disease in  Turkeys. In th e  routine  testing  for pullorum  disease 
tw o  infected tu rk ey  flocks were detected , fioth flocks were subjected to  intensive 
re testing . T he testing  results reveal th a t  reacting  tu rk ey s m ay exhibit a  great 
v aria tion  in agg lu tination  titres. T he agglutination  reactions in m any instances 
appeared  indefinite and non-specific. Bacteriological exam ination of eggs laid 
by  reacting  tu rkeys revealed 5. pullorum. T his investigation  is still in progress 
to  determ ine th e  persistence of pullorum  infection in tu rk ey s and  w hether the 
disease can be tran sm itted  th rough  th e  egg as is th e  case in th e  dom estic chicken. 
T he macroscopic agglutination  tes t is a valuable m eans of identifying turkey 
flocks which are free from th e  disease.
6. Avian Encephalomyelitis Investigation. A vian encephalom yelitis, com­
m only referred to  as “ epidem ic trem o r” , appears to  be increasing in poultry  flocks 
in M assachusetts. T he disease is infectious in character and is a  m alady of 
increasing economic im portance. A prelim inary report of th e  observations has 
appeared  in th e  Journal of th e  Am erican V eterinary  M edical Association, Vol. 93 
(N . S. 46), No. 6, 1938, p. 372.
7. Viability of S. pullorum. V iability  studies, which are  still in progress, 
show th a t  5. pullorum  has rem ained alive in a d ry  piece of cloth for a period of 
six years.
8. Farm Department Brucellosis Control and. Eradication. T he laboratory 
cooperated  in th is w ork by  tes tin g  753 bovine blood sam ples for B ang’s disease 
and  73 porcine blood sam ples for Brucella infection. T he s tan d ard  tu b e  agglu­
tin a tio n  m ethod was used.
Studies of Neoplastic and Neoplastic-like D iseases. (Carl Olson, Jr .)  M aterial 
for tw o transm issible neoplastic diseases of th e  chicken has been obtained from 
a small pou ltry  flock in which 10 of 23 females died w ith neoplastic disease before 
reaching one and  a half years of age. T he disease becam e ap p aren t in seven of 
these w ithin a period of tw o m onths. Six of th e  cases of neoplastic disease have 
been ten ta tiv e ly  diagnosed as lym phocytom a, tw o as e ry throb lastic  leukosis, 
and  one each as a  hem angiom a and neurogenic sarcom a. Upon inoculation of 
experim ental birds w ith m aterial from one of th e  birds spontaneously affected 
w ith ery th rob lastic  leukosis, th e  sam e disease was reproduced. M aterial from a 
bird  affected with w hat has been ten ta tiv e ly  diagnosed as a  lym phocytom a has 
given rise to  a transm issible neoplasm  which produces a  tum or a t  th e  site  of 
inoculation and  in some instances m étastasés to  th e  liver, kidneys, heart, pancreas, 
or proventriculus occur. T h is tran sp lan tab le  neoplasm  of lym phoid ch aracte r 
has been tran sm itted  th rough  16 serial groups of experim ental chickens. I t  is
A N N U A L R E P O R T , 1938 97
notew orthy  th a t  neither the  agen t responsible for th e  transm issible ery th rob lastic  
leukosis, nor th a t  producing th e  transm issible neoplasm  has given rise to  reactions 
dissim ilar to  th a t  w'hich w'as found in th e  bird supplying the  original m aterial. 
T his would seem to  indicate th a t  a t  least tw o disease-producing agen ts W'ere 
responsible for th e  d istu rbances observed in th e  flock selected for study .
D uring  th e  year 125 instances of suspected spontaneous neoplastic disease 
have been collected. T his m ateria l is being studied  to  determ ine th e  re la tiv e  
incidence of neoplasia am ong chickens selected from various sources.
T he s tu d y  of tissue m etabolism  has dealt w ith th e  developm ent of technic. 
P relim inary observations of th e  m etabolism  of both norm al and pathological 
tissues have been m ade.
WALTHAM FIELD STATION  
(Waltham, M assachusetts)
Ray M . Koon in Charge
The m em bers of th e  research staff of th e  W altham  Field S ta tion  are  assigned 
to  th e  un it b y  th e  D epartm en t of B otany, Entom ology, Floriculture, H o rticu l­
tu re, and V egetable G ardening. Refer to  th e  reports of these departm en ts  fo r 
results of investigations conducted a t  th is  branch sta tion .
Consultation and Information Service. A definite increase was no ted  in th e  
num bers of comm ercial vegetable growers, o rchardists, florists, nurserym en, 
a rborists , professional gardeners, greenkeepers and am ateu rs  who cam e to  th e  
Field S ta tion  th is year to  personally consult m em bers of th e  staff. T he num ber 
of telephone calls for inform ation on h o rticu ltu ra l problem s has increased to  4500.
Evaluation Gardens. A very com prehensive collection of 2485 herbaceous 
ornam ental p lan ts is m ain tained  for th e  purpose of determ ining which varie ties 
are of real garden value. In addition  to  th e ir  use for th is  purpose, th e  gardens 
have a ttrac ted  3785 v isitors th is year who, finding p lan ts plainly and accurate ly  
labeled, have discovered a living catalog  from  which to  select th e  best for th e ir  
own home grounds.
The consulta tion  service and  th e  gardens bring increasing num bers of v isitors 
to  th e  S ta tion  yearly  offering an  exceptional o p p o rtu n ity  for th e  m em bers of th e  
staff to  acq u a in t th e  public w ith th e  more inclusive services of th e  Experim ent 
S ta tion  a t  A m herst and  th e  College in general.
Field Day. T he a tten d an ce  on Field D ay, August 3, num bered ab o u t 1000, a 
slight decrease from  th a t  of last year. A prolonged period of rain te rm in ated  on 
August 2 which p e rm itted  th e  resum ption of operations on the  farm  a fte r a con­
siderable in terval. T h is accounts for th e  sm aller a tten d an ce  th is  year. T w en ty  
years ago th e  first F ield D ay was held a t  th e  “ M arket G arden Field S ta tio n ” in 
Lexington and 48 m arket gardeners went there  to  visit th e  experim ental p lo ts 
an d  vegetable v a rie ty  tria ls  and  to  w itness th e  dem onstra tions conducted  in 
th e ir behalf.
Soil Testing Service. T he dem and for th is extensive service is not decreasing, 
and  it is hoped th a t  th e  results will co n tribu te  to  a b e tte r  understand ing  of some 
of our soil fe rtility  problem s.
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PUBLICATIONS
Bulletins
347 Annual Report for th e  Fiscal Y ear Ending N ovem ber 30, 1937. 99 pp.
M arch 1938.
I he main purpose of this report is to  provide an opportun ity  for pre­
senting in published form, recent results from experim entation in fields 
or on projects where progress has not been such as to  justify  the  general 
and definite conclusions necessary to  meet the  requirem ents of bulletin 
or journal.
348 Control of the  Begonia Leaf-Blight N em atode. By E. F. Guba and C. J. 
G ilgut. 12 pp. M arch 1938.
T he culture of L ady Mac, Melior, and M arjorie Gibbs begonias rep­
resents a large enterprise in m any floriculture establishm ents in M assachu­
setts. T he leaf-infesting nem atode is often a serious menace to  the suc­
cessful cu ltu re  of these begonias. S an itary  and cultural m ethods within 
the  lim its of good p lant growth and commercial practice are not effective 
in arresting  th e  progress of the disease. Propagating from stock free of the 
leaf-blight nem atode disease is the  best m easure of control. A method 
has been worked out for trea tin g  begonia plants by subm ersion in hot 
w ater, which has proved satisfactory in killing the  nem atodes. Besides 
a report of the  experim ental results, th is bulletin contains detailed direc­
tions for using the  hot-w ater trea tm en t on a commercial scale.
349 Shade T ree Law in M assachusetts. By E dw ard T . Sim oneau. 19 pp. 
F ebruary  1938.
T he value of shade trees is recognized in M assachusetts, as is evidenced 
by the  num erous laws enacted relative to  their care. T his bulletin sets 
forth the  legislative history of the  laws relating to  shade trees, w ith a 
more detailed discussion of the  present shade tree  s ta tu te s  and court 
decisions rendered. It is particularly  useful to  tree  wardens and others 
who m ay be charged with the  care and oversight of public shade trees in 
M assachusetts.
350 T om ato  Leaf Mold as Influenced by E nvironm ent. By E. F . Guba. 24 pp. 
M ay 1938.
This bulletin deals with the various environm ental factors which in­
fluence th e  developm ent of the tom ato  leaf mold fungus and the  infection 
of the  tom ato  p lant in the  greenhouse, together with a comprehensive 
review of the  pertinent literature. T he disease is epidemic during the 
warm er m onths from June to  October inclusive, when m aximum greenhouse 
tem peratures of 80° to  92° F. prevail; when the  mean minim um  inside 
and outside tem peratures converge to narrow  difference of less than  5° F.; 
and when the highest mean maximum relative hum idity  of 94-100 per­
cent for the  year prevails. The severity of the  disease is related funda­
m entally  to  tem perature.
351 G erm ination  of Seeds and Dam ping-off and G row th of Seedlings of O rn­
am en tal P lan ts as Affected by Soil T rea tm en ts . By W illiam L. Doran. 
44 pp. M ay 1938.
Damping-off is a m ajor problem in the  propagation of plants from seed. 
It is not a ltogether controllable in practice by regulating and adjusting 
the environm ent (soil moisture, tem perature, and reaction), for conditions 
favorable for the  fungi are too nearly the same as those preferred by the 
p lants. In washed sand or in a com bination of sand and sphagnum  or 
peat moss, there was very little  damping-off as com pared with th a t in 
soil. However, growth was alw ays poorer in sand, even with fertilizer 
added, th an  in soil. Hence the  search for better, safer, and less expensive 
soil disinfectants continues. This bulletin presents a sum m ary of studies 
involving the use of a large num ber of chemicals and 112 species of o rna­
m ental p lants.
352 T he C arro t R ust Fly. By W. D. W hitcom b. 36 pp. M ay 1938.
T his is a report on th e  history and d istribution; host p lants; injury
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caused; seasonal abundance; life history, seasonal history, an d  habits; 
and  control of the  carro t rust fly, which is the  m ost destructive  insect 
pest of carro ts. C ultural practices which provide unfavorable conditions 
for developm ent and  reproduction are  im portan t factors in controlling 
th is pest. Spraying or dusting  carro ts for pest control is not generally 
considered practical or economical in M assachusetts. D irections are 
given, however, for th e  use of m ateria ls which have proved successful in 
controlling the  rust fly in case the  value of th e  crop seems to  w arran t the 
expense of such trea tm en t.
353 Leaf-Feeding Insects of Shade Trees. By \ \  . B. Becker. 83 pp. Ju ly  1938.
T he aim  of th is bulletin is to  m ake available to  the  people of M assachu­
se tts  inform ation regarding th e  hab its and  control of the  more im portan t 
insect pests defoliating the  broad-leaved deciduous shade and forest trees. 
T he insects discussed are  those most comm only encountered, together 
with a few which have not yet been reported  from M assachusetts bu t 
are  to  be found close to  its borders. T he description of th e  insects is 
accom panied in most cases by  photographs of the  insect in some of its 
stages or of th e  in ju ry  which it causes. T he bulletin is particu larly  useful 
to  tree w ardens and o thers who are charged with the  care and protection 
of shade trees.
354 Ascorbic Acid (V itam in C) in T om atoes and  T om ato  Products. By W alter 
A. M aclinn and C arl R. Fellers. D ecem ber 1938.
T om ato  ranks am ong th e  richest and most widely used of an tiscorbu tic  
foods. Sam pling m ethods, reagents, and technique were studied  in a d a p t­
ing the  chemical m ethods to  th e  problem  of evaluating  th e  to m ato  as an 
antiscorbutic . Effect of season, varie ty , m atu rity , storage, and  o ther 
factors influencing th e  ascorbic acid con ten t of canned and fresh tom ato  
products were studied. T om ato  varie ties and stra ins showed a. range of 
74 to  249 international units of v itam in C per ounce. Commercial brands 
of tom ato  juice contained 40 to  100 in ternational units per ounce, and  a 
variation  from 28 to  85 units per ounce was found within one brand.
Control Bulletins
92 Seed Inspection. By F. A. M cLaughlin. 80 pp. F ebruary  1938.
93 E ighteenth  Annual Report on E rad ication  of Pullorum  Disease in M assa­
chusetts. By the  Poultry  Disease C ontrol L abora to ry . 11 pp. June  1938.
94. Inspection of Com m ercial Feedstuffs. By Philip IT  Sm ith. 68 pp. O cto­
ber 1938.
95 Inspection of Com m ercial Fertilizers. By H. D. H askins. 51 pp. O cto­
ber 1938.
96 Seed Inspection. By F. A. M cLaughlin. 102 pp. N ovem ber 1938.
97 Inspection of A gricultural Lime Products. By H. D. H askins. 9 pp. 
Decem ber 1938.
M eteorological B ulletins
589-600, inclusive. M onthly  reports giving daily  w eather records, together w ith 
m onthly and annual sum m aries. By C. I. Gunness. 4 pp. each.
R eports of Investigations in Jo u rn a ls 
Numbered Contributions
276 Some correlations in p lan t-tissue com position, decom position products, and 
effect upon crop ro ta tion  with tobacco. W alter S. Eisenm enger. Jour. 
Agr. Research 56 (4):309-316. 1938.
T he p lan ts studied  for their effect on th e  tobacco crop were corn, t im ­
othy, redtop, ragweed, horseweed, and  tobacco. T he results indicate th a t 
p lan ts containing th e  higher values of lignin, pentosans, high carbon- 
nitrogen ratios, and  a subsequent low tendency to  protein decom position 
in soil m ay be suspected of being undesirable for tobacco ro tation .
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281 G alactose ca ta rac t in ra ts. Helen S. M itchell and G ladys M. Cook. Arch- 
O phthalm ol. 19:22-33. 1938.
T he discovery th a t catarac t could be produced in ra ts  by feeding a 
diet adequate  in every respect, bu t supplem ented with galactose, has 
led to  th e  use of these anim als in a  study of the  influence which o ther 
d ieta ry  factors m ay have upon lens changes. A low protein ra tion  ap p re ­
ciably hastens th e  developm ent of catarac t and a high protein ra tion  tends 
to  re ta rd  it. O ther d ietary  factors including excess or deficiency of certain  
relevant v itam ins have failed to  a lte r th e  cataract-producing action of 
galactose. T he successive stages of developm ent of the  ca ta rac t visible 
to  th e  naked eye are posterior opacity, dense nuclear opacity , and com* 
plete opacity. After a change to  a norm al diet, regression from the  stage 
of com plete opacity  to  th a t of dense nuclear opacity has been observed 
in a large proportion of the  experim ental anim als.
283 A study  of the  types of problem s investigated by  graduate  s tuden ts in 
anim al husbandry  and th e  occupations in which the  recipients of advanced 
degrees engage. R alph W. Phillips and Frederick  N. Andrews. Amer. 
Soc. Anim. Prod. Proc. 1937:182-188. 1938.
The da ta  presented show the  types of problem s upon which theses 
subm itted  for advanced degrees in anim al husbandry have been based, and 
were obtained from 31 of the  L and-G ran t Colleges. T otals of 508 M aster’s 
and 58 D octor’s degrees granted during the  years 1930 to  1934 are included.
285 N utritiona l anem ia in ca ttle  in southeastern  M assachusetts. J. G. Archi­
bald and K. J . Kucinski, and  R. O. Brooke and S. L. Freem an. Jour. 
D airy  Sci. 21 (2):59-68. 1938.
A disease of cattle  locally known as “ neck a il,” of long standing in 
certain  localities of southeastern M assachusetts, has been shown to be 
identical with nu tritional anem ia of cattle  occurring in various widely 
scattered  portions of the  world and known by various names. I t  is char­
acterized by em aciation, loss of appetite , and a dim inution of the red 
blood cells and hemoglobin content of the  blood. It is caused by an in­
sufficient am ount of iron in the  native  forage which in tu rn  is due to a 
very low iron content of the  soil. As with cases reported from other 
regions, spectacular recovery has followed th e  adm inistration  of iron com­
pounds to  the  affected anim als. Addition of an iron com pound to  soils 
from the farm s where disease occurred resulted in a large increase in per­
centage of iron in grasses grown on these soils.
286 R eport on Zinc. R. A. Caughev, E. B. H olland, and \ \  . S. R itchie. Jour. 
Assoc. Off. Agr. Chem. 21 (2):204-207. 1938.
A m ethod for the  determ ination of zinc in p lant products was worked 
out. and is described in detail in th is article. T he m ethod shows practi­
cally a com plete recovery between 5 and 25 gam m as of zinc. For larger 
am ounts of zinc, the  use of suitable a liquots of the  sam ple is recommended 
ra ther th an  the  developm ent of a different procedure. F u rth e r testing 
of the  m ethod by o ther laboratories is considered desirable.
287 Influence of bile and bile sa lts on Aerobacter aerogenes. Jam es E. !• uller. 
Proc. Soc. E xpt. Biol, and M ed. 38:507-510. 1938.
T he study  was undertaken to  investigate the  premise of certain investi­
gators th a t Escherichia coli m ay become Aerobacter aerogenes, and  vice 
versa, as a result of environm ent. If th e  intestinal environm ent is capable 
of producing any such change, it seems th a t  bile and its constituents would 
be likely factors in inducing these a lterations. T h irty  stra ins of Aero­
bacter aerogenes were propagated in media containing bile or bile salts 
for a period of five m onths. T he results were in favor of the  stability  
of the  culture reactions of pure established cultures of Aerobacter aerogenes 
so far as the  influence of bile or bile salts is concerned.
289 Erysipelas ou tb reaks in tu rk ey  flocks. H . Van Rcekel, K. L. bullis, and
M. K. Clarke. Jour. Amer. Vet. M ed. Assoc. 92 (n. s. 45):403-418. 1938. 
T hree spontaneous outbreaks of erysipelas encountered among tu rkeys 
a re  reported. These occurred in three  widely separated flocks and a t 
approxim ately  th e  sam e tim e of year. No definite source ot the  m tection 
could be found. E rysipelas infection in adu lt tu rkey  flocks m ay cause
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serious losses in the  form of m ortality , re ta rdation  in growth, and less 
profitable m arketing  of carcasses for food consum ption.
290 Some public health  aspects of food. Jam es E. Fuller. Jour. Amer. D ietet. 
Assoc. 14 (6 ) :412-416. 1938.
T he discussion is concerned with food-borne bacterial infections and 
intoxications in hum ans —  ptom aine poisoning, food poisoning, b o t­
ulism, and undu lan t fever. T he organism s concerned, the  frequency and 
seriousness of th e  infections, and  some precautions which should be taken 
are all considered.
.291 Species of Cladosporium  on to m ato  and  th e  allergic response in m an as an 
aid to  their identification. Em il F . G uba and Francis M . R ackem ann. 
M ycologia 30 (6):625-634. 1938.
T he results point to  th e  fact th a t  individuals allergic to fungi react 
differently to  ex tracts of species in the  same genus, and th a t  th is biologic 
test appears to  offer ano ther m ethod by which closely related  fungi m ay 
be distinguished one from ano ther with considerable certain ty .
.293 T he pollination of th e  cu ltivated  blueberry. John  S. Bailey. Amer. Soc. 
H ort. Sci. Proc. 1937:71-72. 1938.
U nder M assachusetts conditions none of th e  varieties will set as well 
when self-pollinated as when exposed to  pollination by insects. A few 
varieties will set a  partia l crop in some years, bu t self-pollination cannot 
be relied upon to  give a consistently  good comm ercial crop.
.294 Storage changes in pascal celery. R obert E. Young. Amer. See. H ort. Sci. 
Proc. 1937:697-698. 1938.
T he value of pascal celery on th e  Boston M arket depends prim arily 
upon the  am ount of heart growth th a t  has taken  place while th e  p lan ts 
have been in th e  storage p it. T here is a  definite m ovem ent from  the  
outer leaf stalks to  th e  heart, and th e  outside leaves of th e  pascal celery 
p lant a re  of definite value in th e  growth of heart stalks during storage. 
I t  would appear to  be an  advantage, therefore, in preparing th e  crop 
for storage, to  leave as m any leaf stalks on th e  p lan t as possible, rem oving 
only those which are dam aged by frost and handling.
295 Yield-growth relationships in asparagus. R obert E. Young. Amer. Soc. 
H ort. Sci. Proc. 1937:576-577. 1938.
T he m ost careful selection of crown a t th e  tim e of planting  will not 
elim inate th e  poor producing asparagus p lants. I t  has been found th a t  
there  is a high correlation between th e  num ber of spears produced and 
th e  num ber of sta lks produced a fte r the  harvesting season. T his is tru e  
for both male and female plants. Asparagus p lan t selection on th e  basis 
of sum m er growth is not in itself sufficient for th e  p lant breeder, bu t it 
will give th e  producer of asparagus seed a m ethod of p lant im provem ent.
296 A sta tistica l analysis of form varia tions in specific stra ins of tom atoes.
. W. H. Lachm an, E leanor A. W est and G ran t B. Synder. Amer. Soc.
H ort. Sci. Proc. 1937:559-561. 1938.
Shape index (com puted by  dividing the average equatorial d iam eter of 
each tom ato  by its polar diam eter) was used in a sta tistica l s tudy  of 
variations in shape in 10 stra ins of tom atoes. T here were no consistent 
changes in th e  shape during the  season, a lthough it was ap p aren t th a t  
some varieties may be affected by more th an  genetic influences. The 
d a ta  showed th a t  th e  30 fruits used as a  sam ple were sufficient to  con­
stitu te  a represen tative  sample.
297 F u rth e r observations on a chlorosis of the  cu ltivated  blueberry. John S. 
Bailey and John  N. Everson. Amer. Soc. H ort. Sci. Proc. 1937:495-496.
1938.
Experim ents continued from th e  previous year gave some indication 
th a t  th e  chlorosis m ight be due to  a lack of iron. F u rth e r experim ents 
with blueberries grown in pots under different conditions all lead to  the 
same conclusion — th a t th e  chlorosis is caused by a  lack of iron in the 
b lueberry plant.
298 M ailing stock influence on fru it size and shape. Law rence Southwick. 
A m er. Soc. H ort. Sci. Proc. 1937:359-361. 1938.
Studies reported show th a t certain  known rootstocks under M cIntosh
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trees m ay be responsible, in part a t least, for m easurable differences in 
form and size of the  apples produced.
299 Propagation studies with geraniums. Harold E. W hite. Amer. Soc..
H ort. Sci. Proc. 1937:795-800. 1938.
Stem  rot disease organisms are concerned in the  losses of geranium  
cuttings. High tem peratures a t  the  tim e of propagating decreased the  
percentage of rooting and increased loss from stem  rot. Stock p lan ts 
grown under glass in benches yielded more cuttings and gave a  higher 
percentage of healthy  rooted cuttings than  did field-grown plants. No 
other factors seemed to  have any  significant effect on the  rooting of c u t­
tings.
300 F actors affecting iron chlorosis in gardenias. H arold E. W hite. Amer.. 
Soc. H ort. Sci. Proc. 1937:774-780. 1938.
G ardenia m ay be affected by different types of chlorosis. This particu­
lar type  was definitely shoum to  be due to  a lack of iron, and when severe, 
it may become a lim iting factor of growth. The use of sodium or calcium 
n itra te  induced iron chlorosis while nitrogen from organic or ammonia 
sources prevented it. Phosphorus and potassium  had no influence on iron 
chlorosis, bu t sulfur even in quite  small am ounts prevented it. On th e  
basis of experim ental da ta , conditions o ther th an  soil acid ity  would appear 
to  be contributing  factors.
301 R elation of soil tem pera tu re  to  chlorosis of gardenia. Linus H. Jones. 
Jour. Agr. Research 57 (8):611-621. 1938.
T he fact th a t  a  high soil tem pera ture  would dissipate a chlorosis of 
Gardenia veitchii suggested th e  tes tin g  of th e  effects of soil tem perature 
on th is plant. I t  was found th a t  soil tem perature  not only induces and 
controls chlorosis of gardenia bu t also affects the  above-ground parts in 
size of leaf, ra te  of growth, and altera tion  of th e  vegetative and reproduc­
tive  phases, and even produces wilting when lowered to  10° C. or less. 
These findings indicate th a t soil tem pera ture  m ay have a greater effect 
on p lants th an  has been commonly supposed and m ay even be more 
im portan t th an  a ir tem perature.
302 A m ethod of pruning dead branches. Jam es D. C urtis. T he Forestry
Chronicle Vol. 12, No. 3. 1936. (R eprin ted  in 1938.)
A new m ethod of removing dead branches (of white pine) is proposed 
and described. So far as the  form ation of callus is concerned, the  pro­
posed m ethod gives promising results a fte r one year's  g row th. Fu rther 
study  is necessary before final conclusions can be drawn.
303 C arotene and ascorbic acid content of fresh m arket and  commercially 
frozen fru its and vegetables. G. A. Fitzgerald  and  C. R. Fellers. Food 
Research 3 (1 and  2):109-120. 1938.
Feeding tests indidate th a t frozen products retain  practically all their 
v itam in A during processing and freezing. Conditions of m arketing frozen 
foods are conducive to  com plete re tention of v itam in A up to  the tim e of 
delivery to  the  consumer. T ests of several varieties of vegetables indicate 
th a t freezing has less influence on th e  am ount of ascorbic acid (vitam in C) 
present th an  certain  o ther factors, particularly  m atu rity , soil, and climate.
304 C arotene con ten t of fresh, frozen, canned and dehydrated  spinach. D. 
D eFeliceand  C. R. Fellers. Amer. Soc. H ort. Sci. Proc. 1937:728-733. 1938.
D etailed directions a re  given for th e  determ ination of carotene in spinach 
and  o ther vegetables and fruits. T he m ethod is reliable, not unreasonably 
difficult, and valuable for determ ining losses of carotene in foods during 
processing. Average carotene values converted into international units 
per gram  are: fresh spinach 718, frozen 545, canned 481, and^dried 495. 
Storage of canned or frozen spinach for 73 days had no effect on its vitam in 
content.
306 A stu d y  of ra te  of decom position of haddock muscle a t various tem peratures 
as indicated by am m onia con ten t. G. C hapm an Crooks and W. S. Ritchie.
Food Research 3 (6):589-598. 1938.
T he ra te  of decomposition of ground fish muscle was satisfactorily 
m easured by using th e  am m onia produced as an index of the  protein 
decomposed. H addock flesh containing 35 milligrams or less per 100 
grams of muscle is norm ally sound and of good quality. Rate of decomposi- 
tion was considerably retarded by lowering the storage tem perature, and
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decom position was apparently  completely checked by holding the  sam ples 
in a frozen condition. At a given tem pera ture  there  was little  significant 
increase in the  ra te  of decom position of ground, defrosted fish when com ­
pared with a sim ilar sam ple which had not been frozen.
307 T im e in terval between clutches in Rhode Island Red pullets. F . A. Mays. 
Jour. Agr. Research 57 (8):575-581. 1938.
T he relation of tim e interval between clutches to a num ber of fecundity  
and reproductive characters was studied. T he various relationships 
observed led to  the  conclusion th a t, in a breeding program , short tim e 
in tervals betw een clutches in w inter should be placed along with short 
tim e intervals between eggs of a clutch as a desirable character.
308 Factors influencing th e  ra te  of decom position of different types of p lan t 
tissue in soil, and th e  effect of th e  p roducts on p lan t grow th. M ajo r F. 
Spaulding and  W alter S. E isenm enger. Soil Science 45 (6):427-445. 1938.
The object of the  investigation was to  establish by experim ental m ethods 
principles by which the  characteristics and relative values of n a tu ra l 
fertilizers (hum us) could be estim ated  in advance of use from th e ir known 
or discoverable chemical constituents. A partial chemical analysis (in­
cluding determ inations of the  proportions of nitrogen, carbon, lignin, and 
pentosans) was made of 43 different plants and 2 seed parts, and th e ir  
decomposition studied under different conditions in the  greenhouse. On 
the  whole, the  plants containing most nitrogen decomposed more readily. 
The structure  of p lan ts and their content of lignin and pentosans were 
also factors in the  ra te  of decom position. If the  ra tio  of nitrogen to  
carbon was not more than  1 to  25-30, th e  p lan ts decomposed easily, bu t 
if the ratio  was wider, the  incorporation of th e  p lan ts in the  soil resulted 
in a depression of the nitrates.
313. Prelim inary report on infectious avian  encephalom yelitis. H . Van Roekel,
K. L. Bullis, and M. K. Clarke. Jour. Airier. Vet. M ed. Assoc. 93 (n.s. 46): 
372-375. 1938.
During the  last few years the  incidence of infectious encephalom yelitis 
in chickens apparen tly  has increased. T he geographical d istribu tion  of 
the  disease is not known, bu t the  greatest incidence has been reported  
among flocks in the  New England S tates. The disease is caused by' a 
filtrable, infectious agent. Field and laboratory  evidence suggests 
th a t  the  infective agent may' be egg-borne and  th a t  th e  breeding stock 
m ay serve as the  reservoir of infection.
316 Diseases of nursery p lan ts: Infectious and  noninfectious diseases of ever­
green and dedicuous trees in the  open. M alcolm A. M cK enzie. Amer. 
N urserym an 68 (7): 3-4. 1938.
Noninfectious diseases discussed are needle blight, a  disease of eastern 
white pine, and a  disease caused by' smoke. T he cause of needle b light 
is not known, bu t the  characteristic  sym ptom s which d ifferentiate  it from 
other needle injuries caused by fungi or insects a re  described. E v er­
greens are more sensitive to  smoke in jury  th an  are  deciduous trees, bu t 
th e  la tter m ay be affected. Several infectious diseases a re  discussed, 
with suggestions for the protection of nursery trees; and particu lar w arn ­
ing is given of the  dangers of th e  D utch elm disease.
323 Effect of riboflavin and th iam in chloride upon th e  cataractogenic  action  of 
galactose. Helen S. M itchell and G ladys M. Cook. Proc. Soc. E x p t. 
Biol, and M ed. 39:325-326. 1938.
In previous work with galactose ca tarac t the  usual p ro tective doses of 
v itam in supplem ents were provided in accordance w ith th e  recognized 
need of th e  ra t. T he norm al growth of th e  ra ts  and th e  lack of gross 
evidence of any v itam in deficiency led to  the  conclusion th a t th e  ca tarac t 
w'as probably due to  some m etabolic d isturbance unrelated to  a v itam in. 
However, it was recognized th a t  th e  in troduction of galactose m ight have 
created  unusual dem ands for certain vitam ins. In th is investigation 
riboflavin and thiam in chloride, two crystalline fractions of th e  v itam in B 
complex, were fed in varying am ounts up to  massive doses. N either 
riboflavin nor th iam in chloride exerted any protective action against th e  
developm ent of galactose catarac t in rats.
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Unnumbered Contributions
Is soil tem pera tu re  im portan t?  L. H. Jones. F lorists’ Exch. and H ort. T rade  
W orld. Jan u a ry  15, 1938.
Soil tem pera tu re  im portan t factor in chlorosis of gardenia. L. H. Jones. F lo rists’ 
Review. F ebruary  10, 1938.
C ontrol of apple scab a fte r harvest. E. F . G uba. Mass. F ru it Growers’ Assoc. 
Ann. R ept. 44:234-239. 1938.
C ontrol of th e  begonia leaf blight nem atode w ith hot w ater. E. F. G uba. T he 
F lo rists’ Telegraph Delivery News 37 (4 ):80-81. 1938.
T he specificity of fungous allergy. F . M. R ackem ann, T . G. R andolph, and E.
F. G uba. Jour. A llergy 9:447-453. 1938.
U ndesirable chem ical reactions from the  use of fungicides in greenhouses. E. F. 
Guba.
I. F lo rists’ Review, Jan u ary  13, 1938. p. 17.
II. Florists’ Review, April 28, 1938. pp. 31, 68.
Com bat elm disease. M. A. M cKenzie. Amer. N urserym an 67 (6):14-15. 1938. 
D istribution  of elm bark  beetles in M assachusetts. W. B. Becker. Jour. Econ. 
E n t. 31:323. 1938.
Insect pests in M assachusetts orchards in 1937. A. I. Bourne, with W. D. W hit­
comb and W. H. Thies. M ass. F ru it Grow ers’ Assoc. Ann. R ept. for 1938.
T he chem ist s relation to  insect control. A. I. Bourne. M im eographed report of 
broadcast issued by N ortheastern  Section of th e  Am erican Chemical Society, 
Inc. April 8, 1938.
The v itam in C s ta tu s  of college women as determ ined by u rinary  excretion. 
Helen S. M itchell, Oreana M erriam . and E sther L. B atchelder. Jour. Home 
Econ. 30 (9):645-650. 1938.
F actors in milk influencing in testinal bacteria  of infants. W. B. Esselcn, Jr.
Editorial, Jour. Amer. D ietetic  Assoc. 14:271-273. 1938.
A frozen foods digest. C. R. Fellers and A. S. Levine. Quick Frozen Foods 
1 (2):47-48. 1938.
Extension Publications
T he following extension bulletins were prepared  wholly or in p a rt bv experi­
m ent sta tion  men during the  year ended N ovem ber 30, 1938.
Printed
Raising th e  dairy  calf. J . G. Archibald.
Pum pkins and  squash. Paul W. Dem psey. (Revised)
E astern  te n t caterp illar. A. I. Bourne and  F. R. Shaw. (Revised)
Spraying and  dusting  fru it trees. A. I. Bourne, W. H . Thies, O. C. R oberts, and 
O. C. Boyd.
Mimeographed
A nts indoors. A. I. Bourne. (Revised)
A nts outdoors. A I. Bourne. (Revised)
F loricu ltu ral survey. H arold E. W hite.
R estoring hurricane dam aged trees. M. A. M cKenzie.
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